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Photonuclear  Data-Abstract  Sheets 
1955-1982 


I.  Introduction 

As  used  in  connection  with  this  collection  of  data-abstract  sheets,  the  term 
photonuclear  data  is  taken  to  mean  any  data  leading  to  information  on  the  electro- 
magnetic matrix  element  between  the  ground  state  and  exci ted  states  of  a given  nuclide. 
The  most  common  types  of  reactions  included  in  this  compilation  are:  (e,e‘),  (y.y). 
(y.y')»  (Y»n),  (y>p)>  etc.  as  well  as  ground-state  particle  capture  reactions,  e.g. 
(ct,yo)*  Two  reactions  which  fit  the  matrix  element  criterion  are  not  included  in 
the  compilation  because  of  their  rather  special  nature.  These  are  heavy  particle 
Coulomb  excitation  and  the  thermal  neutron  capture  reaction  (n,yo) . While  the  energy 
region  of  particular  interest  extends  from  0 to  150  MeV,  papers  are  indexed  which 
report  measurements  in  the  region  from  150  MeV  to  4 GeV.  Most  of  the  experiments 
listed  are  concerned  with  the  excitation  energy  range  from  8 to  30  MeV,  the  region 
of  the  photonuclear  giant  resonance. 

The  hierarchical  grouping  of  the  photonuclear  data-abstract  sheets  within  the  file 
is  by:  1.  Target  Element,  2.  Target  Isotope,  and  3.  by  the  Bibliographic 
ReferenceCode  assigned  to  the  paper  from  which  the  data  on  the  sheet  were  abstracted. 
In  this  file,  colored  pages  are  used  to  mark  the  beginning  and  end  of  the  sheets  for 
each  chemical  element.  A brief  historical  sketch  of  the  element  is  given  on  the  divider 
sheet  marking  the  start  of  each  section;  the  information  for  this  sketch  was  derived 
from  references  such  as  the  Encyclopaedia  Britannica.  In  those  cases  where  the  sheets 
for  a given  element  make  up  a major  part  of  a volume,  colored  pages  are  also  used  to 
delineate  sections  pertaining  to  the  individual  isotopes  of  the  element.  Each  of  the 
sections  of  the  file,  as  delineated  by  two  colored  divider  sheets,  represents  a 27  year 
history  of  the  study  of  electromagnetic  interactions  in  either  a specific  nuclide  or  a 
specifc  element. 

The  data-abstract  sheets  are  filed  under  the  element  and/or  isotope  in  which  the 
ground-state  electromagnetic  transition  takes  place.  For  example,  the  abstract  sheet 
for  a total  neutron  yield  measurement  for  a naturally  occurring  copper  sample  would 
appear  in  the  elemental  section  of  the  copper  file.  On  the  other  hand,  a measurement 
of  the  9.73  minute  positron  activity  produced  in  the  same  sample  by  photons 
with  energies  below  the  three-neutron  separation  energy  for  (28.68  MeV)  would 
be  filed  with  the  sheets  for  ^^Cu.  Similarly  a measurement  of  the  ground-state 
neutron  capture  cross  section  in  would  be  filed  under  while  the  corresponding 
ground-state  alpha-particle  capture  cross  section  would  be  filed  under 

At  the  end  of  this  volume  there  is  a master  list  of  the  abbreviations  that  have 
been  used  in  the  index  section  of  the  abstract  sheets.  The  listings  are  those  used 
in  the  final  published  index,  Photonuclear  Data  Index,  1973-1981,  NBSIR  82-2543, 
issued  in  August  1982  by  the  U.  S.  Department  of  Commerce,  National  Bureau  of  Standards, 
Washington,  DC  20234.  In  some  cases  two  notations  are  entered  for  the  same  quantity. 
The  second  entry  is  the  abbreviation  that  was  used  in  one  or  more  of  the  earlier 
published  editions  of  the  index. 
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Germanuim—the  element  noted  for  its  remarkable  electrical 
properties  has  a metal ic  silver-gray  color  with  properties 
somewhere  between  a metal  and  a nonmetal.  D.  I.  Mendeleyev 
(1834-1907)  predicted  the  existence  and  properties  of  a 
hypothetical  element  beween  silicon  and  tin  which  he  called 
eka-silicon.  Clemens  Winkler  (1838-1904),  in  1886,  analyzed 
the  sulphide  mineral  argyrodite  and  found  a previously  unknown 
constituent  to  which  he  gave  the  name  germanium  after  his 
native  country.  The  argyrodite  was  a recently  discovered 
mineral  from  an  old  silver  mine  near  Freiberg.  Winkler 
had  determined  that  the  argyrodite  consisted  of  75%  silver 
and  18%  sulfur;  this  left  an  unknown  substance  of  about 
7%.  After  toiling  incessantly  for  four  months,  Winkler 
managed  to  precipitate  the  sulfide  of  the  new  element. 
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20  80 
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(MeV) 
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1.21 
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0.53 

18.5 
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313 

1.32 

2.C2 
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18.5 
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08  xlO"® 
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0.33 
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o.eo 

17.5 
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89  X 10"® 
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17,5 
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0.6IS 

13 

’•Co 
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Table  3 

ParauieteTS  obtained  from  fits  to  the  inelastic  data 


SUte 

Nucleus  Cw  (fm) 

tu  (fm) 

R(Et,  co)t(W.u.)  •••) 

2,* 

’*Ge  4J2±0.14 

r4Ii:0.26 

19.7±1.2 

0.56 

’»Ge  4.32±0.02 

Z49±0.0S 

26.8db2.0 

5.2 

3,- 

’*Ge  4.34±0.09 

Z23±0.11 

36±3 

12.4 

’*Ge  3.«4±0.12 

2.80^0.11 

37±7 

12.3 
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REF.  NO. 


56  He  2 


EGF 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G y A 

RLY 

THR  - 31 

C 31 

ACT- I 

Yield  measured  relative  to  (y»”)  yield  in  ®^Cu. 


31  MeV  bremsstrahlung  yields 


■'^Ge(Y,a) 
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Method 


22  MeV  betatron;  neutron  counters 


Ref.  No. 

58  To  1 


EH 


Reaction 


E or  AE 


ad  E 


J "■ 


Notes 


Ge'^^('Y,n) 


Bremss 

22 


E^j^=  6.5±0.16 


F[G.  4.  Photoneutron  yield  from  germanium  as  a 
function  of  betatron  energy. 
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METHOD 
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egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

detector 

ANGLE 

TYPE  range 

TYPE  range 

G.A 

ABY 

THR-  20 

C 20 

ACT- 1 

4PI 

Tabu  1.  Summary  ob  data  om  (fia)  reactions  with  20MeV  BREMStTRAiiuuNO 


Nuclide  Observed  gamniR.ray  Results  obtained 


Parent 
(Natural 
abundance.  %) 

Product 

(71alf.life) 

i-d,  MeV) 

Energy 

(.MeV) 

Branching 
ratio  (%) 

Type  of 
multipole 
transition 

/iCi/mg*> 

YirM 
(mol*'  - [<■ 

»*V(99.75) 

•’Sc(3.4d) 

10.27 

0.160 

100 

Ml+EZ 

1.99X10-* 

2.8x10* 

«Cu(30.9) 

*'Co(99  min) 

6.75 

0.068 

99 

MI+E2 

7.23x10-* 

9.7x10* 

»'Ga(39.6) 

«Cu(61  hr) 

5.15 

0.184 

41 

Ml 

2.70x10-* 

9.6x  10* 

’•Ge(7.67) 

«*“Zn(I4hr) 

5.89 

0.435 

100 

A/4 

1.11x10-* 

5.0X  10* 

•»Br(49.48) 

”As(39  hr) 

6.46 

0.246 

2.81 

A/1+52 

1.97x10-* 

4.3 X 10* 

- '•*Ai(48.65) 

i«*Rh(36hr) 

3.28  0.319-I-0.306 

24.8 

A/I +52 

8.29X10-* 

3.7X10' 

"»In(93.77) 

'•'Ag(7.6d) 

3.78 

0.340 

6 

A/1+52 

5.70x10-* 

4.3x10' 

a)  The  value  corrected  at  the  end  of  1 hr  irradiation  (9.4x  10*  R/min). 
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kef.  No. 

56  Me  1 


Method 


Radioactive  source;  photon  scattering;  Nal  spectrometer 


NVB 


Reaction 


E or  AE 


(7d  E 


J fr 


Notes 


596  keV 


596  keV 


2 

excit 

ed) 


Mean  life: 


T = (1.9±0.5)  10"^^  sec. 


0 

groun<l) 


Fig.  4.  Angular  distri* 
bution  of  the  resonance 
radiation  from  the  596-kev 
level  in  Ge^.  The  solid  line 
represents  the  theoretical 
angular  distribution  for  an 
excited  state  with  spin  2 
and  a ground  state  with 
spin  0,  corrected  for  the 
finite  angular  resolution. 
The  differential  cross  sec- 
tion is  given  in  arbitrary 
units. 


Table  I.  Observed  and  predicted  ratios  of  the  differential 
cross  sections  at  90°  and  121°. 


Fig.  3.  Resonance  fluorescence  in  Gc'*.  Dependence  of 
resonance  effect  on  the  temperature  of  the  arsenic  source.  The 
solid  line  represents  the  temperature  dcftendence  of  the  density  ot 
the  As«-vapor  calculated  on  the  lia-sis  of  vapor  pressure  data, 
and  normalized  to  give  the  e.spcrimcntal  value  of  the  plateau. 
Above  800°C  the  dissociation  of  the  As,  vapor  causes  aii  increase 
(dashed  line)  of  the  resonance  tluorcsccncc  effect  (see  discussion 
in  the  last  chapter). 


Sdid  of  the 
835-kev  level 

Theoretical  ratio 

Experimental 

ratio 

i 

0.79 

2 

2.04 

2.2±0.3 

3 

0.08 

PORM  NBS-41b 
(S-l-83) 

USCOMM-OC  ISSS6-RS3 


PHOTONUCLEAR  DATA  SHEET  37 


U.S.  DEPARTMENT  OF  COMMERCE 
NATIONAU  3L  REAU  OF  STANDARDS 


REF. 

S.  Costa,  F.  Ferrero,  S.  Ferroni  and  R. 
Proc.  Paris  Conference  1034  (1964) 


METHOD 


Malvano 


EL  EM.  SVM.  A Z 


Ge 


REF.  NO. 


74 


32 


100  MeV  synchrotron 


64  Co  3 


JDM 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANOE 

TYPE  RANGE 

G,N 

ABX 

THR-  80 

C 10-80 

BF3-I 

4PI 

Table 


ELBHENT 

Yield  (36  MeV) 
( n.  cm*  \ 

„30 

2,“ 

a_i 

(mb) 

\ mol.  MeV  / 
X io» 

j4Cr  

83 

1.21 

2.1 

0.58 

62 

wMn  

108 

1.52 

2.33 

0.65 

76 

„Fe  

68 

0.88 

1.46 

0.60 

50 

”co  

89 

1.08 

1.82 

0.59 

64 

;,Ni 

44 

0.55 

1.07 

0.51 

34 

j,Cu  

95 

1.06 

1.99 

0.53 

72 

iqZii  ••••••••• 

88 

0.94 

1.68 

0.56 

66 

iiG*  

130 

1.29 

2.18 

0.59 

94 

ijG*  

139 

1.35 

2.29 

0.59 

101 



137 

1.22 

2.18 

0.56 

100 

V* 


a (E)  dE  is  the  integrated  cross  section  measured  in  units  of 

60ATZ 

the  classical  dipole  60  NZ/A  mb.  MeV. 
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METHOD 


REF.  NO. 

68  Ok  3 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPC  RANGE 

TYPE  range 

G.P 

ABY 

THR-20 

C 20 

ACT-I 

4PI 

I aiii*  I.  .Summary  of  bata  on  (/■.p)  ReAcnoNS  with  20MeV  RRUwniAHLUNO 


Nuclide 

Parent  Residual 

(Natural  (HalMife) 

abttndanre,  %) 

s, 

(MeV) 

Observed 

r-ray 

Yield  de< 
pCi/mg*7 

termined 
Yield/mol  «R 

Energy 

(MeV) 

Branchin 
ratio  {% 

r Type  of 
muliipole 
transition 

»Mg 

(10.11) 

(15  hr) 

12.06 

1.37 

100 

£2 

l.48xl0-> 

1.7x10* 

**Si 

(4.71) 

«AI 

(2.27  min) 

12.33 

1.78 

100 

£2 

1.91 

2.8x10* 

»<«i 

(3.12) 

»AI 

(6. 56  min) 

13.59 

1.28 

93.8 

E2+MI 

6.51x10-' 

1.5x10* 

««Ca 

(2.06) 

«*K 

(22.4  hr) 

12.17 

(7.374 

85 

£2+MI 

7.86x10-* 

1.3x10* 

*»Ti 

(7.32) 

«Sc 

(84.  Id) 

10.47 

0.887 

100 

£2 

7.11x10-* 

3.1x10* 

•»Tt 

(73.99) 

•»Se 

(3.4d) 

11.44 

0.160 

100 

£2+Ml 

6.83x10-* 

1.2x10* 

*Ti 

(5.46) 

•*Sc 

(l.8d) 

11.35 

1.31 

100 

£2 

4.40x10-* 

5.8X10* 

MCr 

(9.55) 

«V 

(3.8  min) 

11.15 

1.43 

100 

El 

5.01x10-' 

6.6x10* 

»’Fe 

(2.17) 

“Mn 

(2.58  hr) 

10.57 

1.81 

23-.  5 

El+Ml 

8.10x10-* 

2.1x10* 

T*Ge 

(36.74) 

’H3a 

(4.8  hr) 

10.92 

0.295 

97 

(£2) 

3.70x10-' 

1.3x10* 

"Se 

(7.58) 

«Af 

(26.5  hr) 

9.61 

0.559 

41 

E2 

1.48x10-* 

1.3x10* 

*»Sr 

(7.02) 

“Rb 

(I9d> 

9.41 

1.08 

9 

El 

5.15x10-* 

9.9x10* 

“•Cd 

(12.26) 

"*Ag 

(3.2  hr) 

9.74 

1.39 

35 

£2 

1.91x10-* 

2.1x10* 

'•*Sn 

(7.57) 

"•■In  (54 min) 

9.58 

1.27 

84 

El 

9.80x10-* 

6.9x10* 

tiTBa 

(11.32) 

"*Ci 

(I3d) 

8.67 

0.830 

100 

El 

1.68x10-* 

2.2x10* 

‘••Hg 

(16.84) 

i 

> 

c 

(2.7d) 

7.27 

0.412 

100 

El 

8.43x10-* 

2.2x10* 

a)  The  value  corrected  at  the  eiKl  of  1 hr  irradiation  (9.4  x 10*  R/min). 


Fig.  2.  The  yield  curve  for  the  (r,p)  reaction 
with  20  MeV  bremutrahlung. 
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I EL  EM.  SYM.  A 


Ge 


74 


32 


Method 


70  Mo  2 


hmg 


• 

RESULT 

EXCITATION 

SOURCE 

DETECTOR 

REACTION 

ENERGY 

TYPE  RANGE 

TYPE  range 

ANGLE 

G,G 

ABX 

6 

D 6 

SCD-D 

DST 

(6,018) 

(6.018) 

6 = 6,018.  LFT 


TABLE  m.  Suxnmary  of  the  results  of  spins,  parities,  and  total  widths  of  resonance  levels  excited  by  y rays  obtained 
from  neutron  capture  in  iron.  Parities  in  parantheses  are  uncertain. 


Isotope 

Energy 

(.MeV) 

(eV) 

Transitioa 

To/r, 

(±8%) 

^7 

(10-*eV) 

«Cr 

3.883 

18  ±1 

Q* 

1 

• • • 

0.90 

750  ±200 

«Ni 

7.646 

14  Al 

0* 

1- 

£1 

0.64 

480 ± SO 

^‘Ge 

6.018 

4.5A0.S 

0* 

1- 

£1 

0.19 

120 ± 15 

”As 

7.646 

7.4  ±0.3 

3/2- 

1/2^*) 

... 

0.11 

360  ±100 

‘“a* 

7.632 

9 ±1 

1/2- 

3/2 

... 

0.7 

2±  1 

«KCd 

7.632 

4.8±0.4 

0* 

1- 

£1 

0.SS 

86  ± 15 

'“La 

6.013 

3.2  ±0.6 

7/2* 

7/2" 

£1 

0.30 

51li« 

WJpj, 

7.632 

5/2* 

5/2* 

Ml 

0.46 

72:1* 

“*T1 

7.646 

9.3A0.3 

1/2* 

l/2^-> 

... 

0.58 

980  ± 90 

‘“*Pb 

7.279 

7.1  ±0.3 

0* 

1* 

Afl 

1.00 

780 ± 60 

TABLE  rv.  Effective  elastic  scattering  cross  section 
(ov)=Oo*(r(/ry)4'(xj,f5),  where  j,  J,  Tj,  Ty  were 
taken  from  Table  m.  The  temperature  of  the  scatterer 
was  300*K,  while  that  of  the  iron  y source  was  640*K. 


Target 

Resonance 

energy 

(MeV) 

(»r> 

(mb) 

«Cr 

3.888 

903 

“Nl 

7.646 

369 

«Ge 

6.013 

61 

”As 

7.646 

4.4 

'”Ag 

7.632 

3,3 

"=Cd 

7.632 

193 

'“La 

6.013 

39 

'*'Pr 

7.632 

20 

:o5ti 

7.646 

574 

“>Pb 

7.279 

3360 
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i ELEM.  SVM.  A Z 

I 


Ge 


32 


METMOO 


NO. 


70  Mo  4 


hmg 


RESULT 

excitation 

SOURCE 

oetector 

REACTION 

ENERGY 

TYPE  PANGE 

TYPE  RANGE 

ANGLE 

G .G 

LET 

6 

D 6 

SCD-D 

DST 

(6.018) 

(6.018) 

r^=  0.12  ev,  ryr^=  0.19,  <d^>  = 61  mb, 


6=6.018.J-PI.LFT 


^ ~ 4*5  sV  TABLE  n.  Most  probabis  •pins  and  pirltlfla  of  I«v«la 

la  '*G«  as  found  In  the  preaont  work.  Also  Uatod  ars 
angular  dlatrlbution  cocfftclanta  A of  the  corrospondlng 
T lines  togethor  with  M2/SX  mixing  ratio. 


Lsvel  energy 
(MoV> 

y*lino 

energy 

(MoV) 

A 

0.S96 

2* 

5.422 

0.044  a 0.010 

(llJ)x\»-< 

1.206 

2* 

4.812 

0.041a  0.029 

(0,2lJj>x  16-* 

1.486 

0* 

4.S32 

0.506a  0.076 

0 

2.200 

2* 

3.818 

0.140  a 0.040 

a.7lli)xl0-* 

2.229 

0* 

3.789 

0.514  a 0.102 

0 

6.018 

1“ 

6.018 

O.S06a  0.023 

0 

.<2  130 
z 

o 120 
u 

|uo 

2 IjOO 

Ui 


'*r 

-r«.ois 

1 

1 ta*IM«VLllW 

-*-i.2oa 

Yi- 

““0 

, 1 

— 

M— 

wiA>i*uui  t .onie;s> 

SCATTERING  ANGLE  (dog ) 

FIG.  4.  Angular  distribution  of  tho  slastio  and  somo  Inteoso  inelastio  linos  in  '*Qo  as  msaaurod  using  a 30-oo  Go<LL 
detoetor.  Tbs  solid  linos  haes  tho  form  - 1 APifeooil  sad  are  toast-squaro  fits  to  the  oxpoilBMiSai  dfstrfbutioa. 
la  oach  eaao  tbo  corrospaadingT'^  oascado  is  indloataiL 
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RESULT 
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ENERGY 

SOURCE 

detector 

ANGLE 

TYPE  range 

TYPE  RANGE 

G,G/ 

LFT 

6,8 

D 6,8 

SCD-D 

Dsr 

6.018.7,632  MEV 


Tabu  1 

Summary  of  Um  aaparlmaBtal  and  thaoratlcal  dacay  properttaa  at  tha  raaonanoa  lavala  aultad  by  ouolaar  photo- 

exciuttooo 


SoatUrar 

TranaitioB 
1"-  2* 
(kaV) 

A 

(l’-2*) 

Ty 

(maV) 

r(M2) 

(JiaV) 

r(M2) 

(W.O.) 

«*(B82/EX) 

(Xl03) 

S2(M2/E1) 
Walaakopf  aatlmata 
(xl0«) 

6018 
- 2200 

0.14  a 0.04 

120  a IS 

190 

0.89 

^ 23 
17  ^ 

- 12 

3.2 

IOOmo 

6418 
- 1064 

0.20  a 0.08 

SO  a4S 

110 

0.079 

tS3 
- 33 

6.3 

112cd 

7632 
- 617 

0.09  a 0.02 

86  a IS 

36 

0.006 

1? 

10.8 

186vy 

6418 
-•  122 

-O.OU  a 0.014 

48  a3S 

110 

0.023 

8.7 
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9-  40 

C 9-  40 

Acr-i 

4PT 

>o 


r odK  « 92  ♦ 10  MeVmb 

(y»p) 


ENERGY (M«V) 

Fij.  3.  ToUl  cross  section  for  the  reaction  '’‘Ge(y,  p)''*Ga. 
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75  GO  1 

hmg 

REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANOC 

TYPE  RANOE 

G,XN 

ABX 

10-  25 

C 9-  25 

BF3-I 

4PI 

a(G,SN)  . Statistli 

cal  theo] 

ry  used  to  obta. 

Ln  SN  cross 

section  from  XN  cross  section. 

Table  2 


e. 

E,.  M«V 

E|.  M,V 

1 NmIM, 

A 

E].M,V 

E|,M*V 

•*7n 

ox~> 

0.09 

18 

1 

’•Co 

025 

OJ562 

IS 

on 

1.04 

13 

’•Su 

0J3 

OXiO 

18 

*»Zo 

tKi 

t.08 

18 

’•Sc 

0.3 

0.616 

18 

’•Cc 

on 

t.04 

18 

••Sc 

on 

0.6.'.4 

18 

an 

0.833 

18 

«Sc 

0.2 

18 

«c* 

0J3 

0.6 

18 

Cross  sectlois  of  photoneutron  reactions. 

The  dipole  photoabsorption  forces  are  taken 
f*rcm  [6,7]  (the  solid  black  coIutos). 

!^.G. Huber  et  al.,  Phys. Rev. 155, 1073 (67) 

'M.G. Huber  et  al.,  Phys. Rev. 192.223(66.  Values  given  are  for  a^(24.2  MeV) . 

Table  3 


Nuclid* 

c,  mb 

NucUd, 

«,  mb 

Nudidi 

o,  mb 

•■in 

397*19* 

7CO±.37 

’•Sc 

1021  *.72 

**‘/n 

.'i7!i*27 

’h;c 

872±41 

••Sc 

1029±.70 

**7.n 

7|H*M 

’•f.c 

<llt±43 

•‘Sc 

1167-53 

’•Cc 

7;j;i*37 

’•Sc 

030^30 
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SOURCE 

DETECTOR 

REACTION 

RESULT 

ENERGY 

TYPE 
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TYPE  RANGE 

ANGLE 

G-N 

ABX 

in-  40 

c. 

10-  40 

MOD-I 

4PT 

G,2N 

ABX 

17-  40 

C 

10-  40 

MOD-I 

4PI 

G,P 

ABI 

11-  40 

C 

10-  40 

ACT-I 

4PI 

G,NP 

ABX 

20-  40 

C 

10-  40 

ACT-I 

4PI 

FFG.  6.  (a)  The  (y.n)  cross  section  for  '■‘Ge.  (Ij)  The 
(y,2«)  cross  section  for  “'Ge.  (c)  The  total  cros.s  'CC- 
tionffKy.n)  • fy.2n)  - {y,np)  + {y ,p)\  for  "'Ge. 


T.AGLE  tl.  Uitcgratcd  Cfo.,s  sections. 


Isotope 

(y,«) 

(Y.  2n) 

(y.P) 

(MeVmb) 

(y.np) 

Total 

'»Ge 

1273U27)  » 
1464(290)'* 

60(  6) 

40(  6) 

1463(123) 

«Ge 

1140(110) 

420(40) 

40(14) 

1690(113) 

”Ge 

1320(130) 

360(40) 

90(10) 

35(  3)' 

1805(136) 

^®Ge 

1077(  54)* 
1067(106)  ** 

710(70) 

15(  3) 

1892(  39) 

^ Result  of  the  activatioa  measurements. 

Result  of  the  neutron  counting  measurements. 

‘ Includes  the  contribution  from  the  '^Gel-y.p)  reaction. 


T.nH!  i;  III.  Lofcntz  fit  parameters  and  intc;4ratcd  cross  ?cc:;o-.s  for  total  cross  sections. 


J , 

r 

(MeV) 

(MeV) 

(i7T)cror 

(MeVmb) 

<^ln. 

(MeV  mb) 

<^lnt  -<*Ll- 

(MeV  mb; 

D = 60.VZ 
A 

1 .MeV  mb) 

£lni 

0 

O'  Int 

‘ Go 

l.'iO 

5.55 

15.5 

1380 

1463 

33 

1040 

1.41 

0.06 

’Gc 

150 

5.90 

17.9 

1390 

1690 

300 

1070 

1.53 

O.IS 

■ 'Gc 

144 

6.96 

16.0 

1580 

1305 

225 

1090 

1.66 

0.12 

‘Cc 

120 

3.20 

16.7 

1550 

1392 

342 

UlO 

1.70 

0.18 
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Tabu  3 

Integrated  photoneutron  cross  sections  and  comparison  with  sum  rules 


Nucleus 

•*Zn 

j‘*Ga 

\’*Ga 

’•Ge 

«Ge 

’•Ge 

’•Ge 

’•As 

’•Se 

’•Se 

••Se 

•*Se 

(MeV) 

29 

26.3 

26.3 

26.3 

26.3 

26.3 

26.3 

26.5 

26.3 

26.3 

26.3 

(To,  (MeV  ■ b) 

0.73 

0.91 

0.78 

0.94 

1.02 

1.12 

1.09 

1.01 

1.06 

1.11 

1.13 

0.78 

0.87 

0.73 

0.88 

0.94 

1 

0.98 

0.90 

0.92 

0.94 

0.93 

0.06  NZ 

R,-R,(MeV) 

4.2 

.3.7 

U'4 

3 

1 

-0.8 

-16 

3.3 

1.7 

0.1 

-1.3 

-3 

<T_„  (mb) 

38 

32 

44 

34 

59 

64 

63 

38 

62 

63 

67 

(mb) 

O.IS 

0.18 

0.13 

0.18 

0.19 

0.20 

0.20 

0.18 

0.19 

0.19 

0.19 

*-ia  (mb'  MeV*) 

2.0 

3.1 

13 

3.2 

3.6 

3.9 

3.7 

3.4 

3.8 

3.9 

4.2 

ff.i.A-1  (/lb  - MeV') 

1.9 

2.6 

2.1 

16 

18 

19 

18 

13 

17 

16 

17 

The  notation  used  is  defined  in  the  text.  The  average  experimental  errors  dcajffow  1«/«- la  and  ^«-ia/«-sa  approximately  8 46 
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ACT-I 
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Fig.  2 


Elcmento 

^Threshold) 

I.imiar 

a ma:c 

<r  int  at6  21  Mf;v 

(7e™ 

12,1  ± 0,20  .Mev 

20  Mev 

0,125  barn 

0,59  Mev  X barn 

(7e« 

9,3  ± 0,10  Mcv 

18,9  .Mes- 

0,2-13  bam 

1,5  Mev  X barn 
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Table  1.  Tm  paxticulabs  or  the  (T,n)  reaction  producti  and  the  data  obtaineo 
WITH  20  MeV  BREMSTTRABIAmo 


Nuclide 

Half-life 

of 

product 

(sec) 

Gamma-ray  determined 

Limit  of 
detection 
(^g) 

Yield 

(mol"‘-R"‘) 

Parent 
(Natural 
abundance,  %) 

Residual 

Energy 

(MeV) 

Branching 
ratio  (%) 

Photopeak 

activity 

(cpm/mg)»> 

**Mg(78.60) 

«Mg 

9.9 

0.311 

200 

2.04x10* 

0.49 

8.1x10* 

’KX7.67) 

""Ge 

48 

0.139 

100 

6.37xl0» 

1.6 

1.1x10* 

t»Se(23.52) 

nmSe 

17 

0.162 

100 

1.82x10* 

0.55 

1.2x10* 

«Mo(15.06) 

•‘“Mo 

63 

0.650 

57 

2.22x10* 

4.5 

2.7x10* 

“KX88.48) 

inaC« 

38 

0.745 

too 

1.06x10* 

0.93 

1.3X10* 

“*Nd(27.13) 

“‘“Nd 

64 

0.760 

100 

3.19x10* 

3.1 

1.4X10* 

“TbdOO) 

i«“Tb 

11 

0.111 

100 

2.36x10* 

3.8 

2.2x10* 

e)  The  value  corrected  at  the  end  of  one>minute  Irradiation  with  the  doae  rate  of 
lO’R/min;  Counting  geometry  ia  20%  with  a 3”dia.x3''NaI(Tl)  detector. 
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(y.np) 
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™Ge 
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1464(290)'’ 

60(  G) 

40(  6) 

1463(123) 

•'Ge 

1140(110) 

420(40) 

40(14) 

1690(118) 
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1320(130) 
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90(10) 

35(  3)' 

1805(136) 

7«Ge 

1077(  54)* 
1067(106) 

710(70) 

15(  3) 

1S92(  39) 

* Result  of  the  activation  measurements. 

Result  of  the  neutron  counting  measurements. 

^ Includes  the  contribution  from  the  '^Gely.p)  reaction. 
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Tablb  3 

Integrated  photoneutron  cross  sections  and  comparison  with  sum  rules 
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**Zn 

|**Ga 

r'Ga 

'•Ge 

"Ge 

'•Ge 

'•Ge 

'*As 

'•Se 

’•Se 

••Se 

••Sc 

(MeV) 

29 

26.3 

26.3 

26.3 

26.3 

26.3 

26.3 

26.5 

26.3 

26.3 

26.3 

<r«.  (MeV  • b) 

0.73 

0.9' 

0.78 

0.94 

1.02 

1.12 

1.09 

1.01 

1.06 

1.11 

1.13 

OMSZ 

0.78 

0.87 

0.73 

0.88 

0.94 

1 

0.98 

0.90 

0.92 

0.94 

0.95 

B,-B,  (MeV) 

4.2 

13.7 

ll.4 

3 

1 

-0.8 

-2.6 

3.3 

1.7 

0.1 

-1.5 

-3 

«.)•  (mb) 

38 

32 

44 

34 

39 

64 

63 

38 

62 

63 

67 

(mb) 

0.IS 

0.18 

0.13 

0.18 

0.19 

0.20 

0.20 

0.18 

0.19 

0.19 

0.19 

(mb- MeV-') 

2.0 

3.1 

2.5 

3.2 

3.6 

3.9 

3.7 

3.4 

3.8 

3.9 

4.2 

•-r.A-lO«b'MeV-') 

1.9 

2.6 

2.1 

2.6 

2.8 

2.9 

2.8 

2.5 

2.7 

2.6 

2.7 

(PEV.  7*14.  — ^ 

USCOMM.N  The  notation  used  is  deflned  in  the  text.  The  average  experimental  errors  zlooJrtoa.  Jo-ia/n-u  and  zle.ia/e.M  are  epproxinutely  8 %. 
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REACTION 

result 

EXCITATION 

ENERCY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANQC 

TYPE  RANGE 

G.N 

G,5N5P 

RLY 

THR-320 

C 140,320 

ACT- 1 

4Pl 

G.3N 

G.7N2P 

ditto 

ditto 

ditto 

ditto 

ditto 

G.N2P 

G.7N4P 

G.3N2P 

G,8n6P 

G,3N4P 

G,10N4P 

G,4N5P 

G,14N6p 

G,5N2P 

G,2P 

Table  I.  ReUtive  yields  of  observed  tsdionuclides  from  the  irrsdi* 
Ation  of  usenic  with  z-ray  spectra  at  140  Mev  and  320  Mev.* 


Separated 

nuclide 

HalMIfeh 

Yield  et  Yield  at 

140  Mev  320  Mev 

(arbitrary  uniU) 

As’« 

17.5  days 

1050 

1050 

As" 

26  hr 

no 

no 

Ga" 

5.0  hr 

OJ 

0.5 

Ga" 

14.3  hr 

0.9 

1.2 

Gn» 

20J  min 

8.4 

9.5 

Ca« 

68  min 

4.2 

7.6 

Ga“ 

9.45  hr 

0.2 

0.7 

Cu" 

58.5  hr 

0.1 

0.2 

Cu** 

12.80  hr 

0.3 

2.5 

Cu“ 

3J3  hr 

<0.1 

0.6 

Ni“ 

56  hr 

<0.02 

O.OS 

Ni« 

2.56  hr 

0.08 

0.1 

Co" 

99.0  min 

0.09 

0.2 

Co" 

18.2  hr 

<0.02 

0.1 

• The  yields  at  both  encrtict  art  normalised  to  the  tame  Ihn  of  reaonanee* 
enerty  (17  Mev)  photons. 

> Hollander.  Perlman,  and  Scabors.  Revs.  Modern  Phya.  2S,  MB  (I9SJ). 


Table  III.  Average  cross  sections.  Average  cross  sections  for 
tbe  production  of  a number  of  nuclides  from  arsenic  by  photons 
(loa  140  Mev  to  320  Mev. 


NucUde 

7 (mb) 

Integrated  eroa 
•ection  (Mev-mb) 

Ga" 

0.02 

3.6 

Ga« 

OJ 

54 

Ga" 

0.05 

9 

Ctt« 

0.01 

1.8 

Cu" 

0.2 

36 

Cu" 

0.05 

9 

Ni" 

0.002 

0.4 

Table  II.  Ratios  of  yields  of  some  gallium  isotopes 
from  arsenic  to  the  (y.ii)  yield. 


laotope 

Reaction 

so  Mev* 

140  Mev 

320  Mev 

Ga" 

(tf«»») 

46  X10-« 

80X10-< 

90X10-' 

Ga" 

(T,»2i) 

2.4Xl(r< 

9X10-* 

nxio-* 

Ga" 

\y,2p) 

1.7X10-* 

3X10-* 

sxio-* 

■ See  leferencc  17. 


*»  R.  B.  Hoitzman  and  N.  Sugarman,  Phys.  Rev.  87, 633  (1952).  >•  H.  H.  Hopkins,  Jr,  Phys.  Rev.  77,  717  (1950). 
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TABLE  I 

MBASORBO  niOTONBUTROK  TRRBSUOLOS 


THRESHI^LD 


Reaction 


Measured  Other  Q values, 
Q value,  Mev.  Mcv. 


Method 


Reference 


As’Kt.  »)As»« 


10.24d:0.08 

(d0.14±0.10) 


10.18  :±;0.19 
10.3  =0.2 
10.10  =0.20 

9.92  =0.07- 
10.14  =0.07* 


Mass  data 
Threshold 
Threshold 
Mass  data 
Q*  value 
Mass  data 
0“  value 


Wapscra  (19o5> 

O^le  et  al.  (1950) 

Sher  et  al.  (1951) 
Duckworth  (unpublished) 
Way  et  al.  (1955) 
Duckworth  (unpublished) 
Way  et  al.  (1955) 


’Errors  given  are  from  mass  values  only,  those  of  Q'*’  and  Q~  values  are  not  known. 
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REACTION 

RESULT 

EXCITATION 

ENEROY 

SOURCE 

DETECTOR 

ANGLE 

TYPC  AAN«C 

G,XN 

ABX 

10-22 

C 10-22 

BF3-I 

i4.pi 

THRESHOLDS 

Ta6aima  2 


Uopoau  uenycKOHUM  f^omomUmptiHoe 


Haoroa 

Bn.  Mm 

Bm.  Mm 

Hsotoo 

Bn.  Mm 

Bm.  Mm 

va 

11,16 

20,5 

L130 

8,81 

16.1 

Mn» 

10,14 

19,2 

Prill 

9.46 

17.6 

C05» 

10.44 

18,6 

TbiM 

8,16 

14,8 

As7» 

10,24 

18,1 

HoiM 

8,10 

14,6 

yso 

11,82 

20.7 

TmiM 

8.00 

14.7 

NbM 

8,86 

17.1 

L1117* 

7,77 

14,2 

RhlW 

9,46 

16,8 

Taia 

7.66 

13,8 

J1J7 

9,14 

16,2 

Au’»7 

7,96 

13.3 

CsU9 

9.11 

16,5 

q;a)» 

7,43 

14.5 

SO  npiiDCiicmii,  nocKOJiSKy  ohh  npcuuinaiOT  22  Maa  so  scux  cjiyHaax,  KpoMe 
aoaoTa,  naa  KOToporo  By,=2:i  Mac.  CooiicTua  ceaeimu  sc(t)  CBCflensi 
B Ta6.i.  3. 

Ta6azaa  t 


V*. 

r(22). 

BaoToa 

1 ^ftaiw*  Mm 

•n  (Bj),  Sbrn 

r,  Um 

3/M.6apH 

10*  N*flmp«M/100  p«  JMM* 

vsi 

Mn» 

Co» 

A3» 

Y8» 

NbM 

RhW» 

J1Z7 

CS‘M 

Lai3» 

Priii 

This* 

Ho>« 

Tmi«® 

Lui7* 

TaWi 

Au‘W 


18.4 
20,2 
L8.3 

16.4 

17.1 
18,0 

17.5 

15.2 

16.5 

15.5 

15.0 

15.6 
13,5 

16.4 

16.0 

14.5 
13,8 

13.2 


0,062 

0,060 

0,068 

0,090 

0,172 

0.1S6 

0,160 

0,273 

0,238 

0,325 

0,320 

0,274 

0,305 

0,250 

0,225 

0,380 

0.475 

0.455 


5.2 
7.0 

6.3 

9.5 
5.2 

7.5 

9.4 

6.8 

7.7 

3.8 

4.9 

9.8 

8.9 

8.4 

8.4 

8.5 
4.7 

5.9 


0,33 

0.39 

0.44 

0.74 

0.93 

1.17 

1,40 

1,76 

1,59 

1.55 

1.93 

2,49 

2,52 

1.91 

1,90 

3,15 

3.04 

2.89 


1,62 

2,01 

2,30 

4.25 

.5,33 

6,80 

8,28 

11.9 

10.7 

11.2 

13.1 

18.1 

18.7 

14.9 

23.0 

22.0 
22.6 
23,2 
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METHOD 

Betatron;  neutron  threshold;  ion  chamber 


REF.  NO. 

60  Ge  3 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANCK 

G,N 

N0X 

THR 

C THR 

BF3-I 

4 PI 

THR£SH)2(U} 


Tabu  L Summary  and  compariion  of  neutron  separation  energies  inferred  from  present  threshold  measurements  with  values  predicted 
from  mass  data  and  reaction  energies.  Ail  energies  are  ezpresMd  in  the  center-of-mass  system  in  Mev. 


Kmcliam 

No.  runs 

I’rescnt  reitulls 

Other  results 

Method 

Reference 

As’*(y,n)As’* 

4 

10.259^:0.031 

10.11  d:0.16 

mass  data 

m 

Qm 

0 

10.14  d:0.13 

mass  data 

m 

cor) 

o 

10.24  dbO.08 

threshold 

f 

Hour  S.  Duckworth,  Uau  SpMttmcopj  (Cunbridsi  Uaivenitr  Pros,  New  York.  t95S>,  o.  177. 

• L.  J.  Lidofiky,  Revs.  Modem  Phym.  29.  773  (1937). 

• R.  W.  King.  Revs.  Modem  Phye.  20.  327  (1934). 
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3aker^  K.G.  McHeill 
Cart.  J.  Phys.  ^ 1158(1961; 

As  75 

35 

MCTMOO  . ^ , 

betatron;  f 
threshold  detect 

ast  neuo: 
ors;  ion 

'on  yield;  angul 
chamber 

ar  distribution;  A1  and  Si 

REF.  NO. 

61  Ba  2 

NVB 

REACTION 

RESULT 

EXCITATION 

ENEROr 

SOURCE 

DETECTOR 

TYPE  RANOE* 

angle 

G,XN 

ABY 

THR-22 

C 22 

THR-I  3-f 

DST 

G,XN 

ABY 

THR-22 

C 22 

THR-I  5-+ 

DST 

In  Tables  2 and  * "3-+'*  Is  the  detector  range  of 

_ Aluminum  and  "5-+”  of  Silicon, 

a 3 average  cross  section  of  detector 


veighted  with  neutron  spectrvna 
$ 3 neutrons/lOO  roentgen/mole 

W(e)  = a^^  [1  + (cos  S)3 

n=l 

TABLE  II 


’ Nbrmalued  yields  for  aluminuni  detectors 


A1(n>t)  reaction 

A1(e,/)  reactions 

Ebsieii*’ 

30* 

90*  ISO* 

sa  30* 

60*  90* 

«4 

S| 

St 

(H)*X10* 

Bismoth 

399 

567:b130  620 

541  ±85  3032 

S139±200  3168 

t3C6±185 

O.OOdbO.OO 

-0.35±0.1 

17.76 

478 

•423d:130  641 

484±85  2362 

5353±290  2955 

U44±185 

-0.05±0.06 

-0.53±0.1 

16.87 

. lead 

420 

312^120  725 

429±77  3123 

5754±2G0  3154 

4601  ±106 

-0.004db0.05 

-0.51±0.07 

18.63 

Tantslum 

378 

367A190  688 

441  ±122  2757 

3024db425  2088 

2757±275 

0.14±0.14 

-0.19±0.17 

11.22 

.^nthanum 

208 

222:fell0  330 

243±70  2130 

3371±250  1891 

2768±100 

0.05±0.07 

-0.43±0.10 

11.27 

Arsenic 

77 

100^50  108 

97±32  788 

937±115  764 

8G5±74 

0.02±0.11 

-0.16±0.14 

3.52 

Copper 

13 

6S±30  70 

55±20  710 

748±70  509 

700±45 

0.11±0.08 

-0.14±0.11 

2.85 

•a*)  • <U>7XUHaaNillibam-aealtea. 

TABLE  IV 

I 

11 

HI 

IV 

V 

VI 

VII 

Element 

«a 

S| 

e* 

(#*)X10^  eM.a(22Mev)X10» 

Vanadium 

245(1^.00) 

0.01  ±0.08 

-0.00±0.10 

6.05 

0.21 

0.12 

Chromium 

lG4(ldi0.03) 

0.04±0.04 

-0.05  ±0.05 

4.05 

0.17 

0.10 

Manganese 

308(1^0.02) 

0.07  ±0.03 

-0.09±0.04 

7.61 

0.25 

0.12 

Tr.-,n 

200(ldb0.03) 

0.05±0.04 

-0.17  ±0.05 

4.94 

0.18 

O.il 

Cobalt 

390(ldi0.02) 

0.08±0.03 

-0.22±0.04 

9.63 

0.26 

0.15 

Nu:kcl  ■ 

143(1^0.05) 

0.07  ±0.07 

-0.23±0.00 

3.58 

0.12 

0.12 

iiepper 

347(ld:0.02) 

0.05  ±0.03 

-0.29±0.04 

8.57 

0.30 

0.12 

- -iinic 

482(1^0.03) 

0.11±0.04 

-0.24±0.05 

11.91 

0.33 

0.15 

X al;:dium 

638a:h0.05) 

0.13±0.06 

-0.14±0.08 

15.76 

ocontium 

409(ld:0.05) 

0.10±0.06 

-0.17±0.08 

10.10 

yttrium 

290(1±0.10) 

0.0S±0.12 

-0.12±0.15 

7.16 

Silver 

590(1^0.04) 

0:10±0.06 

-0.22±0.08 

14.57 

0.87 

0.07 

Cadmium 

903(1^:0.02) 

0.02  ±0.02 

-0.26^.03 

22.35 

iodine 

11330^:0.03) 

0.04±0.04 

-0.29±0.05 

27.90 

1.42 

0.08 

Barium  . 

1048(1^0.04) 

0.10±0.00 

-0.38±0.08 

25.80 

Lanthanum 

1593(ld:0.02) 

0.02  ±0.03 

-0.42±0.04 

39.40 

1.04 

0.15 

Cerium 

1316(ld:0.03) 

0.05±0.06 

-0.39±O.OS 

32.50 

Dysprosium 

lG52(l:tO.OS) 

0.04±0.10 

-0.34  ±0.13 

40.80 

Tantalum 

1558(1^0.02) 

0.04  ±0.03 

-0.22±0.04 

38.48 

2.50 

0.06 

Tungsten 

1365(1^.02) 

0.07  ±0.03 

-0.24  ±0.04 

33.71 

Mercury 

1345(ldb0.02) 

0.04±0.03 

-0.31  ±0.04 

33.22 

Lead 

2274(1^0.01) 

0.02  ±0.02 

-0.42±0.03 

60.17 

2.72 

O.OS 

Bismuth 

2162(1:^.02) 

0.05  ±0.03 

-0.45  ±0.04 

53.40 

3.36 

0.06 

Thorium 

303l(ld:0.04) 

0.06±0.05 

-0.32  ±0.07 

74.87 

UcEnium 

4630(1^0.02) 

0.05±0.03 

-0.17±0.04 

114.36 
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TYPE  RANOB 

G,G 

LIT 

1 

D 1 

NAI-D 

0 

(265  keV) 

(265  keV) 

LIFETIME 


Mean  life: 


T = (1.57±0.10)  10“^^  sec. 


I rr.  < r...  . -I  i‘  (M.iiU'  ' Mill 

’ !u  ir  : I 1 1‘  : ■ ' . . • tll.lU-'  . ^ 

[■  = pl7  . Ml 


Taihe  f 

F.\|HTinu  ntal  result 

i t)f  rhc  rran^niis-ion  f*\j>erimcnts 

i..irru-<l  •«ut  • 

\ iili  ihi’  lo  O'  L'  cm- 

■ .ir*fnic  .il>-«»ri'er.  The  •alisurTirinn* 

I'VIH'Cti'l  !'  • 

|',=  ' o7a  10  ifV. 

irc  t.ihul.ifofi  f'T  ftur 

In  ! he  l.i'f  ^■•iumn.  :he  -a  i 

• irh- call  ul. ltd  ir-M”  ihe  .■li-ervc*! 

.Iff  li'tO'l. 

Wuhh  r. 

rrf>m 

■V.uf,  t 

' ' ririprvil 

vel.M-itv 

r Hi  al.itc-  ■ r I-  -•'■r'M'tn 

■HH.-n'.  M-c 

r\fOf!:?:tni  f 

= 4.07 ;<  10  ‘ -V  !‘»  ‘ i V 

1 

. o<»  — i.n 

007  - '"-=120 

’ '*4 

07-1  4 

0 21  12=^.' 

4 70 

OO-’.O 

07  M-I2 

\ 74 

0 4 -1.4 

17  ! >*  = M 

5 f/> 

4.4-=  :.i 

>7  4 s-2  ; 

It  (»5 

* 1 -=1  0 

74  2 I r“0 

7 III) 

14  1 tl  0 

i:^  4 7=os 

■<  us 

17  4-:.i 

!'.  0 4 '=o  7 

i.s,'.-:  1 

I'M*  5 s ».)  r» 

')i4 

-M  0-2.1 

2.'  4 4 0-114 

•)  'Y 

,1-i.i 

27  2 ' i =0  4 

tool 

.n  o-l.o 

;o  < 4 ' rO  < 

in  40 

12.7  = 1 o 

i<4  4o=nj 

10  07 

'7.M-I  0 

4 4 t-O  i 

11  M> 

0.  > = l o 

U,  ,S  4 II  ► i»  i 

11  o< 

,17  .1 

12+1 

U..t7 

i2.4 

FORM  NBV41S 
(RCV.  7*14^«4I 
USCOMm^OC  2«01<^P«4 


PHOTONUCLEAR  DATA  SHEET  68 


U.S.  DEPARTMENT  OF  COMMERCE 

NATIONAU  BUREAU  OF  STANOAROS 


M.  Sugawara,  S.  Mori,  A.  Ono,  A.  Hotta,  M.  Klmura 
J.  Phys.  Soc.  Japan  1?  (I965) 


Elem.  Sym. 


As 


75 


55 


Method 

a 2^  MeV  betatron;  photon  scattering;  Nal  spectrometer;  NBS  chamber 


kef.  No. 

63  Su  1 


NVB 


Reaction 


E or  AE 


<7d  E 


J rr 


Notes 


As’^^(Y,Y) 


Bremss. 


Detector  at  120 
= 0.6  mb 


o. 


max 


[Corrects  results  in  J.  Phys.  Soc. 

Japan  1657  (l96l)] 


5 10  ;5 

PHOTON  ENERGY  (M«v) 

( d ) 

Pi?.  2.  The  elastic  scattering  cross  sections  for  Mg,  Fe,  Zn,  As,  Cd.  Sb  and  Bi.  The  indicated 
spread  in  energy  is  the  width  of  the  sum-up  channels,  and  the  vertical  lines  are  the  statisti- 
cal errors  including  background  counts.  The  arrows  represent  the  positions  of  the  threshold 
energies  of  (r.  p)  or  (y,  n)  reaction  taken  from  Ref.  16.  The  open  squares  at  7 Mev  are  Reibel 
and  Mann’s  data*'.  In  Fig.  2(c),  the  cross  section  values,  which  are  analyzed  by  displacing 
the  sum-up  channels  by  five  channels  to  lower  energy  side  than  the  positions  generally  used, 
are  indicated  by  the  closed  triangles. 
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Table  1 


Element 


Yield  (3^5) 
eV  cri“ 
aaol  MaV 


60  A'Z/A 

(mb  Main 


80 

r 

0 


30  SO 

r/i: 

0 0 


(McV) 


“Tn 

(mb) 


04Cr 

83  xl0"° 

777 

1.21 

2.1 

0.53 

18.5 

97 

108  xlO-5 

813 

1.52 

2.23 

0.35 

13.5 

114 

2o^« 

68  xlO"® 

832 

0.88 

1.46 

0.60 

17.5 

75 

27^® 

89x10"® 

S73 

1. 03 

1.52 

0.59 

17.5 

92 

2gNi 

44x10"® 

879 

0.55 

1.07 

0.51 

18.5 

56 

29^“ 

95 X 10*® 

947 

1.06 

1.99 

0.53 

17.5 

98 

30Za 

38 X 10"® 

075 

0.04 

1.53 

0.55 

17.5 

So 

3lGa 

130 X 10"® 

1C24 

1.29 

2.13 

0.59 

17.0 

151 

32^® 

129x10"® 

1034 

1.35 

2.29 

0.59 

17.5 

158 

33^3 

137X  10"® 

lies 

1312 

2.13 

0.55 

17.5 

127 

30 

30 

f> 

1 

0 

c(YjXn)dE 

Table  2 

- = 

0 

C • \ ■'  ^ J 

C 

60  NZ/a 

21cr 

-.aas  yield. 

(X  10-®) 

ff-lCTa) 

; 3 -Vc  /.-.-IN  ._2" 

‘‘i  .i-i  ^2  V.VZ/*  ■*  ! 

^ * » * • ? * 


'A  ‘-4I  22  2t»  2m 


’ ^ • Cw«*VC**e<wa%v«y' 


6"" 

cO 

13-«'5 

l^Si 

. rP 

:gS 

lO-'^ 

20'^“ 

2^Cr 

28-''- 
•> .-  Cu 

30b.'. 

Ga 

,.-,Ce 


•i.C 

5.2 
13 .6 
10.0 

15.0 

11.0 

10.3 
0.5 

15. 3 

12.1 

So 


04 

43 

102 

02 

140 


■>.3a 

11.50 

3.S1 

13.02 
0.03 

17.53 

3.55 

17.00 

11.38 

51.3 
7G.1 
50.5 
G2 .0 
24*  2 
72.2 
35.7 
02  3 

1G1.5 

Oj.S 


::..o 

1.02 

2.40 

2.20 


1.C7 


0.00 

2.03 

2.04 
1.50 

2.03 
2. Go 
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Fiz.  1.  A typical  yield  curve  (As(>,Tn)). 
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Malvano 
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As 


75 


33 


REF.  NO. 


100  MeV  synchrotron 


64  Co  3 


JDM 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  range 

G,N 

ABX 

THR-  80 

C 10-80 

BF3-I 

4PI 

Tablb 


BLBMSNT 

Yield  (36  MeV) 
/ n.  cm2 

^30 

^0 

2." 

sr/2r 

0-1 

(mb) 

\ mol.  MeV  / 
X 10» 

«Cr  

83 

1.21 

2.1 

0.58 

62 

»Mn  

108 

1.52 

2.33 

0.65 

76 



68 

0.88 

1.46 

0.60 

50 

..jCo  

89 

1.08 

1.82 

0.59 

64 



44 

0.55 

1.07 

0.51 

34 

»Cu  - 

95 

1.06 

1.99 

0.53 

72 

»Zn  

88 

0.94 

1.68 

0.56 

66 

«G-  

130 

1.29 

2.18 

0.59 

94 

ttGe  

139 

1.35 

2.29 

0.59 

101 

oA»  

137 

1.22 

2.18 

0.56 

100 

y* — —f 

mNZ  J 

the  classical  dipole 


b 

o (£)  dE  is  the  integrated  cross  section  measured  in  units  of 
60  NZ/A  mb.  MeV. 
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REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 
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LfT 

1 

D 1 

NAI-D 
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= (1.7  ± 0.3)  X 10 
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METHOD 


Whitehead 


ELEM.  SYM.  A 


As 


75 


REF.  NO. 


33 


65  Fi  1 


JOC 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,XN 

ABX 

10  - 25 

C 10-25 

BF3  - I 

4 PI 

r d(xn)  = 744  ± 56  MeV-mb 
10 


See;  Phys.  Rev.  Letters  530  (1965) 
for  Oanos  et  al.  fit. 


FIG.  1.  Solid  line:  photoneutron  production  cross 
section  of  As’’;  dashed  line:  total  photoabsorption 
cross  section. 
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Table  1 *"“*  of  ‘he  target  for  gamma-ray  energies  of  9 00 

Photoneutron  cross  sections  (mb)  P'®**  of  eq.  (1 ) in  the  text. 


Target  7.72  MeV  9.00  MeV  9.72  MeV 


10.83  MeV 


**Co 

"As 

“Nb 

>“Rh 

lOTAg 

*“Ag 

'>‘In 

‘•'Sb 

»“Sb 

u»l 

>“Cs 

“•La 

i.ipr 

“*Eu 

>“Eu 

>“Ho 

“‘Ta 

*»’Au 

scpi, 

*“Pb 

»«Bi 


0.53  ± 0.10 


8.61  ± 0.86 
28.9  ± 3.2 
35.6  ± 4.3 

4.14i0.36  45.4  ± 3.7 

44.5  ± 3.6 
<34.3 

22.6  ±11.3 
36.1  3:12.0 


14.6±  2.2 

9.0  ± 0.8 
20.4  ± 1.7 
25.8  ± 2.1 

10.6±  1.7 

38.8±  3.1 

10.0  ± 1.5 

37.6±  2.9 

17.1  ± 2.6 

33.3  ± 2.7 

20.7  ± 3.1 

42.5  ± 3.6 

38.7±  5.8 

38.8  ± 3.1 

31.7±  4.8 

52.5  ± 3.8 

40.8  X 6.5 

63.0±  5.0 

21.5±  3.2 

58.3  ± 4.1 

61.3  ±14.7 

102  ±18 

92.2  ±27.6 

150  ±20 

65.0±  5.5 

146  ±12 

68.4  ±13.5 

160  ±15 

238  ±29 
280  ±31 
226  ±27 
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DST 

dd/dfj  = d^[  l+AgPg  (cose)  ] . 


Table  I.  Results  of  the  present  investigation. 


£y  (IteV) 

Spin 

At 

in/Mi 

(ii/S>W/V  (eV) 

r./r 

Tw«i  (see) 

265 

i 

0.14;b0.05 

-0.01±0.04 

(3.62±0.20)X10-» 

0.97 

(l.TliO.lOXlO-P 

280 

i 

0.92±0.12 

-0.42d:0.08 

(2.40±0.18)X10-« 

0.99 

(4.02±0J0)XlO-“ 
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SCD-D  0-3 
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(1.35) 

Angle  greater  than  90  for  all  measurements. 


SELF- ABSORPTION 


Table  1 


Direct  and  absorption  measurements  of  resonance  fluorescence 


Nucleus 

Et 

fMeV) 

4 

rjr 

gn'ro'jr 

(meV) 

Error 

(%) 

This  work  /’, 
(meV) 

Other  work 

A 

“Mn 

0.000 

J- 

1.527 

(}-) 

0.9 

5.2 

25 

8-12 

abs  •) 

40 

8.0 

1.884 

7 

0.82  ») 

41 

25 

soigy/ 

abs  •) 

10 

55lg 

2.197 

7 

(0.8)  «) 

17 

25 

21/5M' 

abs 

20 

2.252 

7 

(0.9)  •) 

17 

25 

\9!gW 

abs 

20 

mg 

2.365 

7 

? 

3.5 

36 

(2-6)r/r, 

2.564 

(1.0) 

50 

25 

501  g IV 

abs  •) 

20 

6\lg 

2.751 

7 

7 

6.7 

42 

6J{rir^)lgW 

»Co 

0.000 

}- 

1.187 

(}-) 

(1.0) 

6.8 

25 

7.5 

0.33(E2)'*) 

abs 

25  a) 

12 

(J-) 

(1.0) 

6.8 

25 

(5.4-6.5) 

0.27(E2) 

abs 

25  a) 

9.6 

**Cu 

0.000 

I.4I4 

i- 

7 

1.6 

30 

(1.1-1.7)/’//’, 

1.551 

7 

1.7 

37 

(1.7-2.5)/’/r. 

0.1  (E2)  •) 

•»Ga 

0.000 

n- 

0.872 

(n 

0.95 

1.1 

35 

0.8/ M' 

1.107 

Q-) 

0.95 

8.0 

20 

SAIW 

**As 

0.000 

0.86 

7 

7 

1.7 

20 

\.T  rig  WFt 

1.07 

7 

7 

2.6 

30 

1.6  rig  wr^ 

1.35 

7 

7 

3.6 

20 

5.6  rig  wr. 

l.y 

0.000 

h- 

1.51 

1.- 

(1.0) 

52  •) 

30 

28 

0.37(E2)') 

abs  •) 

15 

22 

»)  Measured  with  Nal. 

“)  Ref.**). 

')  Measured  with  a Ge(Li)  detector  to  ±10%. 
■>)  Ref. ‘>).  «)  Ref.  “).  ')  Ref.**). 
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D 

10-30 

BF3-I 

ZPI 

G.2N 

A£X 

THR.-30 

D 

18-  30 

BF3-I 

4PI 

TailkYI.  Integrated  oom  MCtiona. 


Nucleus 

Fla«CfT,»»)  + (T,^«)] 
(MeV-b)« 

fiiw(t,2*) 

(MeV-b)* 

FlmfT.2») 

Flm(TitOtsl)* 

i»Fwr 

(MeV.b)* 

0.06(JFZM) 

(MeV.b) 

Aa» 

0.69 

0.22 

0.24 

1.13 

1.11 

Ag* 

1.09 

0.26 

0.19 

1.56 

1.58 

Cs“ 

1.48 

0.50 

0.25A 

2.27 

1.94 

* All  imewired  Intetrated  eio»-»eUe«  yinee  «re  itTen  fee  «a  tner  pr  *For  As"  wid  Ae**,  the  quantity  tabulatwi  ia 

itfien  from  tbrnhoM  CO  29.S  MeV.  Fa(2)r(2)). 

*Thi  iroird  “total**  in  thia  tabio  refen  to  the  total  photoneutron  erom  {ndudee  the  contributioe  of  fimCV*  3a).  which  equala 

metioa#UT.  n)4-<T.  F«)-«-<T.  2a)+(T.  3a)|,  ami  cadndaa  the  (*y.  *y)  OAl  MeV^ from thiohoM to 29.5 MeV. 
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TYPE  RANQC 
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l-'.UiNlir  ami  iHuU'ar  n-smiaiil  .S4'all<-riiii;  iif  iimiKM'linMiialic  |tll■l(••lls  fnmi  ’‘•As  liavr  sliiilinl  J-PI.  G- WIDTH.  7.646 

u>in>:  a 47-cc  l'.c(l.i')  ilctwlur.  TIic  7 Miurrc  w:ls  iimviilisi  l»y  Iticnnal-iiuulniii  <r:i|iliirc  in  intii.  'I'lic  energy 
of  ihc  rcjonaiu-c  level  in  ’\V.s  was  fouml  lo  l)C  7.W6  McV.  Assuming  the  hiKh-encr);y  lines  U»  Ijc  primary 
transitions  <locx4:itins  the  resonance  level,  25  energy  levels  were  found  from  the  ground  state  up  to  2.6  MeV, 
seven  of  which  nuy  be  identified  with  recently  reported  levels.  By  measuring  the  angular  distribution  of 
the  scattcretl  radiation,  the  spin  of  the  scattering  level  was  determined  to  be  J and  the  spins  of  U low-lying 
levels  were  thus  found  to  be  either  i or  The  total  radiative  width  of  the  resonance  level  was  determined  and 
was  found  to  be  T >0.o6±0.10  eV  and  Tt/T  —0.1 1.  The  "As  levels  are  compared  with  the  predictions  of  the 
Coriolis  coupling  model. 


Tabls  I.  y energies  and  level  energies  in  ^*As  from  {y,i’) 
reaction.  The  level  energies  are  obtained  by  assuming  that  the 
> lines  are  emitted  in  primary  transitions.  The  branching  ratios 
of  the  decay  of  the  7.646-MeV  level  are  given.  Line  energies  arc 
accurate  to  ±4  keV.  Branching  ratios  of  the  strong  intciuiiy 
lines  are  accurate  to  ±8%.  The  existence  of  y lines  and  Icvdi 
in  parentheses  is  uncertain. 


y energy 
(MeV) 

Branching 
ratio  (%) 

Level  energies  (MeV) 
Present  work  Ref.  S 

7.646 

11.3 

0 

0 

7.447 

1.5 

0.199 

0. 199 

7.381 

40.9 

0.265 

0.26S 

• « • 

... 

• • • 

0.2.SO 

• • • 

... 

• • • 

0.3(M 

(7.242) 

... 

(0.4(H) 

0.401 

7.178 

9.7 

0.468 

0.469 

(7.078) 

... 

(0.568) 

0.572 

7.028 

2.9 

0.618 

0.618 

• • • 

• • • 

• • • 

0.822 

• • • 

• • • 

• • • 

1.021 

6.570 

5.7 

1.076 

• •• 

6.512 

6.8 

1.134 

... 

6.443 

2.1 

1.203 

... 

6.384 

1.4 

1.262 

... 

... 

• •• 

1.3 

6.291 

0.9 

1.355 

... 

6.214 

7.1 

1.432 

... 

6.141 

1.2 

1.505 

... 

6.039 

1.2 

1.607 

1.6 

... 

... 

... 

1.8 

(5.803) 

0.1 

(1.343) 

• •• 

5.774 

2.5 

1.872 

... 

5.582 

0.5 

2.064 

... 

5.549 

1.8 

2.097 

... 

5.470 

0.9 

2.176 

... 

5.413 

1.0 

2.233 

... 

(5.176) 

... 

(2.470) 

• •• 

(5.074) 

• • • 

(2.572) 

... 

5.050 

0.5 

2.596 

... 

(4.959) 

0 • • 

(2.6S7) 

... 

2.596 

• • • 

... 

... 
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• • • 

... 
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... 

... 

1.432 

... 
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1.028 

... 

••• 
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30 
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Ftc.  4.  Decay  scheme  o{  7.M6-MeV 
level  ot  '*.\s  showing  level  energies  and 
corresponding  bran^ng  ratios  as  con* 
structed  by  assuming  that  all  high-energ>' 
y lines  in  the  scattered  spectrum  arc 
emitted  in  primary  transitions;  brolten 
lines  indicate  uncertain  transitions  and 
hence  uncertain  levels.  Most  probable 
spin  and  parities  for  some  levels,  as- 
signed in  the  present  work,  are  given 
where  .assignemciits  in  parentheses  are 
uncertain.  For  comparison,  the  energy- 
level  diagrant  as  reported  in  Kef.  5 is  also 
shown. 
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Fig.  7.  Differential  total  scattering  cross  section  at  150*  for  '’*As.  Sm  caption  for  fig.  4.  In  particular 
is  shovm  tiie  infiuenco  of  parameter  ^ on  the  shape  of  the  scattering  cross  section. 


GETS  G.G/  TO  2+ 


Fig.  4.  Differential  total  scattering  cross  section  at  150°  for  natural  Ti.  The  full  curve  through  ex- 
peritncntal  points  is  only  a guide  for  the  eyes.  The  vertical  bars  represent  the  relative  strength  of 
dipole  levels  calculated  by  the  D.C.M.  with  parameters  of  table  1.  Theoretical  clastic  plus  inelastic 
scattering  is  computed  from  these  levels  with  a common  width  F (dashed  curve).  E.xperimental  inelastic 
scattering  (histogram)  and  theoretical  inelastic  scattering  to  the  first  2*  (full  curve)  are  shown  in  the 
lower  part  of  the  figure.  Open  circles  give  the  cross  section  after  background  subtraction. 


Table  4 


Integrated  inelastic  scattering  cross  section 


Nucleus 

Limits  of 
integration 
(in  .MeV) 

E.\pcrimcntal  *) 
j‘(7,(r)dff  (MeV-;ib) 

2* 

Theorctica.  ■*> 
(.McV  ■ ub) 

Total 

Til-»Ti) 

16  -24 

250=  50 

425 

109 

< - • 

^‘V(’»Cr) 

16.4-24.9 

492=  50 

509 

116 

57> 

Cr 

’0.4-23.4 

431=  60 

509 

!!6 

579 

*^As(’*Sc) 

14.1-23.6 

1254  = 120 

1373 

414 

l"a7 

Se(*«Sc) 

14.1-24.6 

1035-100 

1066 

553 

’.4:5 

•*Y 

364 

Cd(“*Cd) 

13.6-23.3 

3264=240 

1S94 

370 

In(“*Cd) 

13.6-23.6 

2540=220 

2173 

353 

2561 

Sn("»Sn) 

14.2-24.2 

2363=220 

643 

*)  We  assume  an  angular  distribution  of  the  form  1 -r-jlj-  cos^  0. 
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ELEM.  SYM.  A I Z 


As 


75 
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METHOD 


I REF.  NO. 

I 70  Mo  2 


hmg 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

detector 

ANGLE 

TYPE  RANGE 

TYPE  range 

G 4 G 

ABX 

8 

D 8 

SCD-D 

DST 

(7.646) 

(7.646) 

8 = 7.646.  LET 


TABLE  m.  Summary  of  the  results  of  spius,  parities,  aad  total  widths  of  resonance  levels  excited  by  y rays  obtained 
. from  neutron  capture  in  iron.  Parities  in  paranthesea  are  uncertain. 


Isotope 

Energy 

(MeV) 

6r|E,-£,| 

(eV) 

Transition 

To/r, 

(±8%) 

Tr 

(10->eV) 

“Cr 

8.338 

18  ^1 

0* 

1 

• • e 

0.90 

750*200 

«Ni 

7.646 

14  ±1 

0* 

1- 

£1 

0.64 

480*  50 

•<Ge 

6.013 

4.Si:0.3 

0* 

1- 

£1 

0.19 

120*  15 

^5  As 

7.646 

7.4  *0.3 

3/2- 

l/2<*> 

• e • 

0.11 

360*100 

'“Ag 

7.632 

9 ±1 

1/2- 

3/2 

... 

0.7 

2*  1 

‘"Cd 

7.632 

4.3*  0.4 

0* 

1- 

£1 

0.5S 

36*  IS 

*’’La 

6.013 

3.2*  0.6 

7/2* 

7/2" 

£1 

0.50 

511i< 

t4ipr 

7.532 

ii.4:5J 

5/2* 

5/2* 

Ml 

0.46 

72:j« 

”»TI 

7.646 

9.3*  0.3 

1/2* 

l/2^-> 

see 

0.58 

980*  90 

M*pb 

7.279 

7.1  *0.3 

0* 

1* 

Afl 

1.00 

780*  60 

TABLE  IV.  Effective  elastic  scattering  cross  section 
(ov,>-o5‘(rj/Ty  where  6,  J,  T,.  Ty  were 

taken  from  Table  m.  The  temperature  of  the  scatterer 
was  300*K,  while  that  of  the  iron  y source  was  640*K. 


Target 

Resonance 

energy 

(MeV) 

<<^r> 

(mb) 

“Cr 

3.333 

90S 

«Ni 

7.646 

569 

«Ge 

6.013 

61 

"As 

7.646 

4.4 

»*Ag 

7.632 

3.5 

‘“Cd 

7.632 

193 

«»La 

6.018 

39 

i4tpr 

7.632 

20 

20St1 

7.646 

574 

“*Pb 

7.279 

5560 
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REACTION 
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El-EM.  SYM.  A 


method 


Tatsuya  Salto 

Nippon  Kagaku  Zaashl  92,  164  (1971) 

As 

75 

33 

REF.  NO. 


71  Sa  1 


egf 


REACTION 

result 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  , range 

G.N 

ABY 

10-68 

C 10-68 

ACT-I 

4 PI 

Nlppett  togaku  ZouM.  n. 

TIm  Yialdt  of  RodioactiviliM  lndu««d  by  R«a<tio«M 

wMb  IrvHittirabliina  up  !•  6d  M«V 
by^^Tofj*j«_SAIT^ 

I'lie  (Zt  «)  yields  of  12  tarifcl  nurlitlcs  have  lircn  measured 
al  lU,  13,  IG,  30,  43  and  Gtt  MeV  brciiiMralilunK  Iry  obsrrv* 
inK  llic  imiueetl  aerivilics. 

Tire  energy  depr^nlencr  uf  lire  yields  lias  been  inveMigaled 
esiensivciy  in  itic  same  way  as  in  llic  previous  work  al  2U 
MeV  limnnlraiilnnK. 

In  llie  ra.se  nf  liravy  nuelNirs,  ilic  yiehis  rise  )(''Fady  as  a 
runriion  of  maainnim  btHnlranlinK  energy  up  lo  'JO  MrV,  and 
rise  |(r>dually  from  20  MeV  up  lo  08  MeV.  I losvever.  in  lire  caw 
of  liKhi  mielides,  the  yields  rise  Kreaily  up  to  30  MeV,  because 
the  neutron  scparalion  energies  of  light  ones  are  larger  than 
Ihoie  of  heasry  ones,  and  die  bremssirahlung  spectrum  covers 
the  giant  resdnance  and  so  the  yields  rise  gradually  from  30 
MeV  up  to  68  MeV. 

The  yields  have  approximately  been*  estimated  from  the 
parameter  of  liie  giant  rrsunance,  tliat  is  the  peak  cross  sectina 
and  the  half  width,  in  order  lu  <-um|iare  with  the  rxprrimeniai 
data.  As  a lesull,  tlie  experimental  data  of  light  nuclides  and 
lieasry  ones  are  nearly  in  agreement  with  the  cslinialcd  data 
of  Nailsans  et  al.,  Johns  ct  at.  and  Monuibciti  cl  al.,  but  ilioae 
of  medium  sreight  ones  are  relatively  lower  values. 

Dtparlmimt  #/  CMimiUry,  Ffulty  •/  Jrtrarr,  {/aiasrsily; 

Xa<aiWra-«As,  Snd*i-ski,  J*pa» 


• : TMIA.  0:  Johns  h, 

3t  Nathans  O:  MonlalbettI  ^ 

■ « (r.a)Aeo«l4IOIt« 
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REACTION 
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ENERGY 

SOURCE 

DETECTOR 
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TYPE  range 

G.SC44 

ABY 

THR-800 

C 250-800 

ACT-I 

4PI 

[able  2 

Compeiison  between  experimental  and  calculated  cross  sections  and  isomeric  ratios 

(mb)  <tmc  (mb)  cse  (mb)  ff(m)Mg)«,  o(m)/(Kg)c.u  ISOMER  RATIO 

Target  250-g00  MeV  400  MeV  25O-S0O  MeV  2SO-800  MeV  400  MeV 


**Se 

«0.5 

0.58  ±0.05 

«0 

0.05 

Sty 

ssOJ 

0.48  ±0.05 

0.47 

0.7 

0.72 

”Mn 

0.40±0.14 

0.59±0.05 

0.28 

1.08  ±0.04 

1.04 

Fe 

0.40±0.14 

026 

1. 00  ±0.05 

«Co 

0.26±0.10 

0.34±0.04 

0.65±0.07‘) 

0.18 

1.26  ±0.06 

1.12 

1.15*) 

”As 

0.01  ±0.01 

0.044 

1.9  ±0.3 

•)  325  MeV. 


Fig.  6.  Isomeric  ratio  a,(**"'Sc)  versus  bremsstrahlung  end-point  energv  for  the  different 

targets.  Sc  target:  ♦ - this  work,  □ - ref. y - ref.  V - ref.  '^),  + - ref.  ■•).  6-  ref.  '*);  V target: 
dashed  curve  - ref  dashed  area  - ref  - ' Fe  target : O - this  work ; Mn  target : A - this  work;  Co  Urget : 
■ - this  work;  .As  urget:  V - this  work. 
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REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  range 

G,N 

ABX 

10-  26 

D 10-  26 

MOD-I 

4PI 

G,2N 

ABX 

18-  26 

D 10-  26 

MOD- 1 

4PI 

987+ 


Fig.  7.  Putul  photonentroa  cnm  sections  pa)l  aad  o(y,  2n)  for  ^*As.  Arrows  JU 

and  indicate  theoretical  threshold  values  for  O', »)  snd  (y,  2n)  reasons  respectively. 


Tabu  3 

Integrated  photoneutron  cross  sections  and  comparison  with  sura  rules 


Nucleus 

**Zn 

j‘*Ga 

\’*Oa 

’•Go 

’*Go 

’♦Ge 

’•Go 

’*As 

’•Se 

’•Se 

••Se 

•*Se 

(Mev) 

29 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

oo*  (Mev  • b) 

0.75 

0.91 

0.78 

0.94 

1.02 

1.12 

1.09 

1.01 

1.06 

1.11 

1.1? 

Oo»A 

0.78 

0.87 

0.75 

0.88 

0.94 

1 

0.98 

0.90 

0.92 

0.94 

0.95 

0.06  NZ 

(MeV) 

4.2 

13.7 

11.4 

3 

1 

-0.8 

-16 

3.3 

1.7 

0.1 

-1.5 

-3 

o_ia  (mbi 

38 

52 

44 

54 

59 

64 

63 

58 

62 

65 

67 

<r.i.,4~t  (mb) 

O.IS 

0.18 

0.15 

0.18 

0.19 

0.20 

0.20 

0.18 

0.19 

0.19 

0.19 

o.*«  (mb*  MeV"') 

2.0 

3.1 

15 

3.2 

3.6 

3.9 

3.7 

3.4 

3.8 

3.9 

4.2 

«-r.A-l  (/lb*  MeV-') 

1.9 

16 

11 

16 

18 

19 

18 

15 

17 

16 

17 

USCOMK  The  notation  used  is  defined  in  the  text.  The  average  experimental  errors  AaoJa^  Jo.iJo.i.  and  /la.ia/o.«a  are  approximately  8 %.  88 


Y.  Cauchois,  H.  Ben  Abdelaziz,  R.  Kherouf,  C.  Schloesing-Moller 
J.  Phys.  G7,  1539  (1981) 


MCTHOO 


eUCM.  SYM. 
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Rcr.  NO. 

81  Ca  2 


33 


hg 


RCACTION 

RESULT 

EXCITATION 

ENEROV 

SOURCE 

DETECTOR 

ANCLE 

TYPE  RANOC 

GiG 

LFT 

0-2 

C 0-2 

SCD-D 

(.572  - 1.370) 

7 LEVELS,. 57-1 .37MEV 

Abstract.  Liretimes  of  49  excited  states  below  1.65  MeV  have  been  measured  in  **Mg.  *’aI. 

‘*Ti.  ’*Ni,  '’Co.  “ ‘*Ni.  ‘'-‘'Cu.  “•‘’^“Zn.  '’as,  '®'Rh.  '"-'"in.  "‘•“'••«Sn  and 
by  means  of  nuclear  resonance  nuorescence  experiments.  The  levels  are  excited  by 
bremsstrahlung  x-ray  photons.  The  self-absorption  technique  applied  to  suitable  cases 
provides  nuclear  absorption  cross  sections,  widths  and  lifetimes  from  which  the  x-ray 
spectral  distributions  are  also  obtained.  Scattering  experiments  are  performed  for  all  other 
cases  in  order  to  obtain  widths  and  lifetimes  from  these  x-ray  photon  curves.  The  Compton 
effect  in  the  sample  is  taken  into  account.  Self-absorption  provides  gfo  from  which  f is 
deduced  using  adopted  J*  and  To/T  values:  scattering  provides  u=g(r\lr)W[d)  from 
which  r is  also  deduced  with  J,  To/T  and  mixing  ratios  taken  from  the  literature.  Thanks  to 
simultaneous  determination  of  the  x-ray  spectra  all  the  lifetimes  as  given  by  our  programs 
with  their  statistical  errors  form  an  unusually  coherent  set  of  values. 


NUCLEAR  REACTIONS  (y.  /).  bremsstrahlung  excitation;  natural  isotopes:  ^’Mg. 
"aI.  *’Ti.  "Ni.  '’Co.  “ “Ni,  " ‘'Cu.  ’’•“•“Zn.  ”As.  ‘"Rh.  ‘"-"’in,  ‘“•"*-'»Sn 
and  '**  ‘“Sb:  £ = 0.5-1.65  MeV;  measured  gfo  or  deduced  r,/i. 
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Tabk  3.  Resulu  obtained  uung  the  ditTusion  method. 


Isotope 

Energie  (keV) 

J' 

Jo 

To/r 

<5 

u=g{rl/rw{0)  r(ps) 

(meV)  ce  travail 

Crrf  (ps) 

Rcfercncest 

'Mg 

1368.59(4) 

2 * 

0* 

1 

E2 

1.08(13) 

1.76(21) 

1,98(4) 

Endt  et  van  der  Leun 

"Al 

1014.45(3) 

J' 

5* 

0.971 

1-0.351(12) 

0,186(13) 

2.20(16) 

2.12(8) 

(1973) 

Endt  et  van  der  Leun 

**Ti 

>*Ni 

983.512(3) 

1454.45(15) 

2 * 
2* 

0* 

0* 

1 

1 

E2 

E2 

0.282(23) 

2,11(26) 

6.74(55) 

0,90(11) 

6.1(13) 

0.92(3) 

(1978) 

Been  (1978) 
Kocher  et  Auble 

"Co 

"Co 

"Co 

“Ni 

“Ni 

“Cu 

“Cu 

-Zn 

“Cu 

“Zn 

“Zn 

”As 

«As 

’’As 

”As 

”As 

1099.224(25) 
1458.8(3) 
1480.9(3) 
1185,7(6) 
1172,91(9) 
1327.00(7) 
1412.05(4) 
991.54(7) 
1481.83(5) 
1039J7(6) 
1077.38(5) 
572.5(10) 
823.0(  10) 
865JUO) 
1076.0(10) 
1128J(10) 

i- 

V- 

i- 

j- 

2* 

2* 

7- 

: 

2* 

2* 

i- 

J- 

5* 

r 

i- 

i- 

7- 

3 

i- 

0* 

i- 

i- 

0" 

i- 

o* 

0* 

J- 

J- 

j- 

1 

0.91 

0.8 

0.77(8)' 

1 

0.84 

0,72 

1 

0.85 

1 

1 

1“ 

0,86'* 

0.83‘ 

0.94‘ 

1 

(£2) 

(E2) 

<0.35* 

10.141 

E2 

(£2) 

+ 0.6  If  I JJ 
E2 
(£2) 

E2 

E2 

0.39" 

(£2) 

C 

0.38" 

El" 

0.069(8) 

0,68(8) 

1.23(15) 

1.88(49) 

0,88(17) 

1.04(14) 

0.260(38) 

0,640(54) 

1,13(19) 

0.70(6) 

0,70(6) 

0,236(26) 

0,214(22) 

0.78(6) 

1.97(13) 

0.224(24) 

4.79(55) 

1,17(14) 

0.254(31) 

0.21(5) 

2,15(42) 

0.84(11) 

1.90(28) 

2.97(25) 

0.79(13) 

2,71(23) 

2.71(23) 

4,14(46) 

4.27(43) 

0.863(68) 

0.287(19) 

1,47(16) 

3.17(58) 

1.52(16) 

0.31(3) 

0,16(3) 

2.09(3) 

0.88(4) 

1.61(3) 

2,60(13; 

0.49(5) 

2.25(15) 

2,34(23) 

3,5(9) 

3J(3) 

0.60(12) 

0.32(7) 

(1976) 

Kim(I976) 

Kim(1976) 

Kim (1976) 

Andreev  era/ (1974) 
Halbert  ( 1979a) 

Auble  (1979b) 

Auble  (1979b) 

Halbert  (1979b) 

Auble  (1975a) 

Auble  (1975b) 

Lewis  (1975) 

Horen  el  Lewis  (1975) 
Robinson  era/ (1967) 
Celliers  era/ (1977) 
CeUiers  era/ (1977) 

”As 

1349.0(10) 

i- 

i- 

0.67" 

0,20" 

1.61(29) 

0,180(32) 

0.12(3) 

Wilson  (1970) 

^’As 

1370.0(10) 

i- 

i- 

0.47" 

0.47" 

0.64(13) 

0.218(44) 

— 

'"Rh 

803.1(2) 

!- 

0.70 

MI 

1.85(16) 

0.174(15) 

— 

Harmutz  ( 1979) 

'"Rh 

1277.0(2) 

\ 

(- 

0.75 

-0.62(30)* 

0,81(9) 

0.8  7(  10) 

1.3(9) 

Harmatz  ( 1979) 

'"In 

1177(1) 

r 

1 

+ 0.5(2) 

9,1(8) 

0.086(8) 

0.1  (X6) 

Tuttle  cl  at  ( 1976) 

"•in 

1510(1) 

T . 
2 

?• 

0.935 

-o.5}:]{ 

6.4(9) 

0,071(10) 

o,iil'1{ 

Tiiltle  et  al  ( 1976) 

"•in 

1077.7(10) 

5' 

0.81' 

(E2) 

0.159(24) 

1.61(24) 

1.23(7) 

Tuttle  et  al  ( 1976) 

"•in 

1290.59(3) 

V 

0.98' 

(E2) 

1.31(11) 

0.66(6) 

0.55(4) 

Tuttle  ct  al  ( 1976) 

"•in 

1448.78(3) 

.j. 

V 

0.86 

-8' 

0,90(11) 

0.50(6) 

0.52(20) 

Tuttle  cl  al ( 1976) 

"•in 

1486.1(11 

!' 

V 

0.787 

-0.8’ 

0.6. 3(9) 

0.63(9) 

0.4(3) 

Tuttle  ct  al  ( 1976) 

"•in 

I497.:i4) 

(?■) 

V 

< 1 

(E2) 

1.33(16) 

< 0,30(4) 

— 

"•in 

1607.8(15) 

(!') 

V 

$ ! 

(E2) 

1.54(24) 

^0.26(4) 

— 

"*Sn 

1293.54(2) 

1 *■ 

0* 

1 

F.2 

3,58(37) 

0.53(6) 

0.522(14). 

Carlson  ct  al{  1975) 

"•Sn 

1229.64(4) 

2* 

0* 

1 

£2 

2.75(28) 

0.69(7) 

0.67(2) 

Carlst'ii  ct  al  ( 19761 

'™Sn 

1 171.6(2) 

2* 

0* 

1 

E2 

1.83(16) 

1.04(9) 

0,91(2) 

Kticltcr(l976) 

"'Sb 

1023.5(10) 

i' 

j 

1 

10.571* 

3.69(34) 

0.228(21) 

0.200)“ 

Titmura  et  al  ( 1979) 

’"Sb 

1105.5(10) 

V 

7* 

2 

0.4 

— 

0.47(4) 

0.42(4) 

— 

‘"Sb 

1142.5(10) 

0.6 

(E2) 

0.85(8) 

0.449(40) 

0.41(8)'’ 

Booth  el  al  ( 1973) 

'"Sb 

1384.0(10) 

i' 

I 

|0.45|* 

4.7(5) 

0.092(  10) 

0.088(14)" 

Booth  cl  al  ( 1973) 

'"Sb 

1029.5(10) 

!* 

; " 

1 

|0.57|* 

2.96(27) 

0.272(25) 

0.26(4)" 

Booth  et  al  ( 1973) 

‘"Sb 

1086.5(10) 

!♦ 

7 • 

1 

|()|  > 1.26* 

1.06(9) 

0.67(6) 

0.72(15)" 

Booth  ct  al  ( 1973) 

t References  pour  les  cotonnes  3.  4.  S.  6 et  9 de  chaque  ligne.  sauf  indication  appclee  au  bas  de  cc  tableau.  Pour  les  autres  donnees  se  reporter  au 
texte. 

Remarque.  Pour  calculer  <5^  quand  nous  ne  disposons  que  de  fl(E2),  pour  un  melange  (E2)  + (MI).  nous  deduisons  5ro(E2)ar.5(E2i£'*;  en 
admettant  IV{8)=1  et  connaissant  fo/r,  notre  determination  de  u donne  une  premiere  approximation  de  iffo  d’oii  une  valeur  Je 
=(i{ro(E2))/(5ro  -gro(E2))  qui  permet  d’ameliorer  W(9)  et  j?fo  de  proche  en  proche. 

* Swann  (1971);'’  Robinson  el  al  ( 1967); ' tf'(i9)  = 0.99  caleule  d'apres  la  formula  de  Celliers  et  al ( 1977);  Abbondanno  « o/(  1978); ' Saver  et  al 
( 1972);  ^Tuttle  et  a/- (1976);  * d’aprn  fl(E2)  de  Barnes  et  al  ( 1966);  " calcule  d'apres  Booth  et  al  ( 1973); ' Williams  et  al  > Dietrich  et  al 

(1970). 
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SELElIUn 

Z=34 


!^E 


Selenium  was  identified  as  an  element  in  1817  by 
J.  J.  Berzelius  a professer  of  chemistry  in 
Stockholm,  Sweden.  While  looking  for  a method  of 
producing  sulfuric  acid,  he  observed  a sediment 
with  an  offensive  odor  — an  indicator  of  the  scarce 
element  tellurium  discovered  thirty-five  years 
earlier.  Further  analysis  showed  it  to  be  a new 
element  with  chemical  properties  similar  to 
tellurium.  Because  these  elements  were  so  closely 
related,  Berzelius  named  the  new  substance  selenium, 
from  the  Greek  word  selene,  meaning  the  moon 
since  tellurium  was  named  from  the  Latin  word  tellus^ 
meaning  the  earth. 
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Se 


REF.  NO. 

65  Ka  2 


NVB 


REF. 


T.  Kaminishi,  C.  Kojima 

jap.  J.  Appl.  Phys.  2,  399  (1965) 


METHOD 


Linac;  isomer  yield;  activity 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  range 

G,G/ 

RLY 

1 

C5 

ACT- 1 

il-PI 

(0.16) 

Table  II.  The  isomers  observed 


Isomer 

Observed  value 

Referenced  value“>‘” 

Half-life 

Energy  (MeV) 

Half-life 

Energy  (MeV) 

Se-77m 

17.5 

sec 

0.160 

17.5 

sec 

0.161 

Br-79m 

4.80 

sec 

0.209 

4.8 

sec 

0,208 

Sr-87m 

2.3 

hr 

0.390 

2.8 

hr 

0.388 

Y-39m 

15.0  . 

sec 

0.920 

14 

sec 

0.915 

Rh-103m 

58 

min 

A 

57 

min 

0.040 

Au-107m 

1 

\ 

44 

sec 

0.094 

Ag-I09m 

} 

sec 

!■  0.95 

40 

sec 

0.088 

Cd-lllm 

47 

min 

0.150.0.255 

49 

min 

0.150,0.247 

In-113m 

4.3 

hr 

0.335 

4.3 

hr 

0.335 

Sn-117m 

17 

day 

0.160 

14 

day 

0.159,0.161 

Ba-137m 

2.6 

min 

0.660 

2.6 

min 

0.662 

Er-167m 

2.10 

sec 

0.209 

2.5 

sec 

0.208 

HM79m 

18.5 

sec 

0.157.0.215 

19 

sec 

0.161.0.217 

W-183m 

3.4 

sec 

0.200.0.170.0.115 

3.3 

sec 

0.1025,0.2915  other 

Ir-191m 

4.90 

sac 

0.129.  <0.07 

4.9 

sec 

0.042-0.129 

Pt-195m 

4.3 

day 

0.065*» 

4.1 

day 

0.031-0.130 

Au-197m 

7.0 

sec 

0.10.0.27,0.40 

7.2 

sec 

0.130,0.270,0.407 

Hg-199m 

43 

min 

0.160,0.370 

42 

min 

0.158,0.368 

• This  isomer  was  measured  with  a G-M  ;’.ow  cou;.;er. 
**  This  value  corresponds  to  Pt-K  X-ray  y. 


Table  III.  Induced  activation  rate 


Element 

Beam 

energy 

(MeV) 

Counting  rate 
( X 10000  cpm) 

Sample  for;.. 

Se 

3 

1300 

metallic  pdX-: 

Br 

4 

1600 

XaBr  grain 

Sr 

6 

0.3 

SrCGj  po'.v  c.^ 

Y 

5 

90 

metallic  

Rh 

5 

v0.2,i* 

RhCli  grai.'. 

-■\g 

5 

ISO 

metallic  plati- 

Cd 

6 

0.5 

CdCU  grait; 

in 

6 

3 

metallic  plati.- 

Sn 

6 

0.0005 

metallic 

Ba 

5 

0.6 

BaS  powder 

Er 

4 

4900 

ErjOa  powde. 

Hf 

5 

1600 

metallic  plate 

W 

120 

metallic  pov.c.c' 

Ir 

5 

2100 

metallic  powder 

Pt 

0.3 

metallic  plate 

Au 

4300 

metallic  plate 

Hg 

6 

0.09 

metallic  liqutd  "" 

<•  • The  value  measured  with  a G-M  flow  cou.^:er  PHOTONUCLEAR  DATA  SHEET  93 
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A.  Veres 

Acta  Phys.  Acad.  Sci.Hung.  JL6,  261-73  (1963) 


Se 
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METHOD 


REF.  NO. 


Radioactive  source 


63  Ve  2 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPC  RANGK 

TYPC  RANGE 

g,g/ 

ABX 

0-1 

D 0-1 

NAI-D 

ISCfMERS 


TafisHua  II 

HsMepcKHue  SHaseHWH  noc.ne  ooayMeHiiH.  cpasHHaaeMuc  c ApyniMM  JiirrepaTypHUMii 

ASHHUMM 


3ji<MCNr 

AKTM*HOCTk 

OOiiyNeHHR 

nocne 

Aktmsh* 

SKCTpn. 

» 

KOHUS 

JlyrepATypHut 

OAMHWC 

AaHHw* 

H3M«ptHMA 

A4— 

nepsoro 

lOMepCHMIl 

(MMn/MMH.) 

<Kwiy<t. 

(HMn/ 

MHH.) 

r.„ 

£ 

(NM) 

Tu, 

a 

(KM) 

(IO-“e**) 

(10— *»•) 

Se-TTtn 

3842±96 

5400 

17^  C6K. 

160 

18,1  si  CEK. 

160±10 

9.5 

1,75 

Sr-87m 

191  ±5 

200 

2,8  m. 

390 

Z9i0,l  M. 

365  ±25 

0,85 

0.2 

y-89m 

96±20 

170 

16cck. 

910 

16,7^5  CEK. 

0,08 

0,02 

Rh-103m 

28±5 

31 

57  MHH. 

40 

38^2  MHH. 

20,5±0,5 

0,08 

0,01 

Ag-107m 

220±14 

250 

44  ceK. 

93 

43,8^0,6  CEK 

91  ±10 

0,8 

0,2 

Ag-109m 

39cck. 

88 

HM79m 

80±18 

155 

19  CEK. 

160; 

215 

19^2  CEK. 

1 

0,2 

Ir-I91m 

90±20 

250 

4,9  C6K. 

42; 

130 

5±2cek. 

5,6 

1 

Pt-195m 

90±9 

100 

3*3  A* 

3.1; 

100; 

130; 

32s3 

67,5=5 

96=5 

130±10 

0,2 

0,04 

Au-I97m 

240±16 

520 

7,2  cex. 

130; 

277; 

407 

7,2s  1 CEK. 

68:130: 

280±20 

390±20 

0,07 

0,01 

Hg-199m 

9.6±3,2 

42  MHH. 

160; 

370 

0,005 

0,001 

Aaa  Phjt.  Tm>.  XVI.  Fmt*.  3. 
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MCTMOO 

Nuclear  Resonance  Scattering  using  N,G  reactions. 


RCF.  NO. 

66  Be  3 


JDM 


NCACTION 

RESULT 

EXCITATION 

ENEROY 

SOURCE 

DETECTOR 

ANCLE 

TYPE  RANOK 

TYRK  NANOK 

G,G 

RLX 

O 

1 

D 5-10 

NAI-D  5 - 10 

135 

Fio.  J.  Hutogmn  of  distnbntion  of  obierved  rewmiiicet  unong  the  different  targeti.  The  etomic  number  ts  given  directly  beneath 
the  diemicnl  symbol  followed  by  the  neutron  numbett  of  the  naturally  occurring  iMtopea.  Magic  numbeta  are  shown  in  brackets.^ 


romjMSS.4lt  / 

<F  V . 7.  • 4-«4l 
• * -r  t'r 


Table  IIL  list  of  effective  cross  sections. 


Scattocr 

EnCTgyc,„^ 
(MeV)  nurce 

1 

(mb) 

Scatterer 

Energy 

(MeV) 

Gamma 

source 

4 

(mb) 

Sm*N 

8.W7 

Nl 

100 

Sn 

7.01 

Cu 

110 

PrUi 

8.881 

Cr 

9 

Nd 

6.867 

Co 

30 

La 

8.532 

Nl 

6 

PrUi 

6.867 

Co 

3 

Te 

8.532 

Nl 

3« 

Te 

6.7 

Ni 

Cu 

8.499 

Cr 

24 

La 

6.54 

12 

Zr 

8.496 

Se 

3050 

Cd 

6.474 

Co 

110 

Zn 

8.119 

Nl 

13 

Mo 

6.44 

Hg 

25s 

Se 

7.817 

Nl 

50 

La 

6.413 

Ti 

72 

Se 

7.7A 

1C 

90 

Mo 

6.413 

Ti  • 

10 

Sb 

7.67 

V 

...b 

Tl 

6.413 

Ti 

25 

Cd 

7.64 

Fe 

40* 

w 

-^.3 

Ti 

. . .b 

Ni 

7.64 

Fe 

T 

Sb 

6.31 

Hg 

Pr‘« 

7.64 

Fe 

I2« 

Ti 

6.31 

Hg 

2* 

TI 

7.64 

Fe 

370. 

Sn 

6.27 

75 

La 

7.634 

Cu 

7 

Pb«4 

6.15 

Gd 

Mo 

7.634 

Cu 

it 

Te 

5.8 

Ni 

. . .1 

Bi>* 

7.634 

Cu 

4 

La 

6.12 

Cl 

35 

Te 

7.528 

Ni 

664 

Pru* 

6.12 

Cl 

110 

Bi» 

7.416 

Se 

100 

Pt 

5.99 

Hg 

40s  s 

Bi«p 

7.300 

As 

80* 

. Tl 

5.99 

Hg 

5s 

PbM 

7.285 

Fe 

4100 

Pb»4 

5.9 

• . .b 

Cl 

7.285 

Fe 

34 

Ce 

5.646 

Co 

17 

PrUi 

7.185 

Se 

80 

Bi" 

5.646 

Co 

55 

Tl 

7.16 

Cu 

120 

Pb«i 

5.53 

70 

La 

7.15 

Mn 

50 

H* 

5.44 

Hg 

7Ss 

Bi"» 

7.149 

Tl 

2000 

H« 

4.903 

Co 

385 

• Hich*eneriy  coRiDonent  of  a cotnpla  spectrum. 

•A  broad  scattered  spectrum  with  no  observable  peak  structure. 

• There  are  actually  two  lines  of  energies  7.647  and  7.633  MeV  havint 
^ual  intensities  ta  the  iron  capture  gamma  spectrum.  The  crosa  section 
has  therefore  been  corrected,  although  there  is  no  possibaity  at  present  orf 
deciding  which  line  is  responsible  for  each  resonance. 

• Is  probably  an  independent  levd^»  the  complex  spectrum  o^  N1  t 
rays  on  Te. 

• Rough  estimate. 

' May  be  inelastic  component  from  7.S2S  letel  In  Tc. 

sThe  relative  line  intensiUes  la  this  case  are  due  to  Groshev  tad 
CO -workers. 

? **  known  for  the  source  at  this  enervr. 

I Diflicult  to  resolve  amonc  the  many  soorca  lines  present  at  this  energy. 
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REF. 


R.  Wendling  and  R.  Kosiek 
Z,  fur  Physik  192.  502  (1966) 


EL EM.  SYM. 


Se 


METHOD 


REF.  NO. 


66  We  2 


EGF 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANQC 

TYPE  RANGE 

G.A 

AfiX 

6-33 

C 33 

SCD-D  A.- 16 

90 

(32.5) 

Tabelle 


Elcmat 

Dicka 

(mg/cnii) 

Coamt- 

aMfldsuag 

(kaV) 

Coamuahl 

gemcaenar 

a>Tcilchan 

Aiubcuta 
(vb/MaV  • ucr) 

Auabeuis 
10*/V9 
M ol  * r 

r.m.>(a«p) 

(MeV) 

(MeV) 

A1 

2,35 

770 

14600 

1.3  ±0,2 

3,5  +0,6 

(*3,5) 

3,5 

Ar 

200Torr480 

5200 

3.0  ±0,5 

8.3  ±1,3 

5,2 

3,5 

Se 

3,72 

790 

12200 

0,28  ±0,04 

0,76  + 0,12 

9,2 

4.5 

Ag 

3,12 

670 

3150 

0,12±0,02 

0,33  ±0,05 

11,8 

6.5 

Fit.  1.  a Histotramm:  Cemeuenc  Enerfievcrtciluitt  uful  differentiellt  Ausbeut*  der  Phoio-«-Teilchai. 
b Kurvc:  Bcrecbncus  Spckcrum.  Nihcrt  Anfaben  tm  Teal 
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REF. 

S.  Costa,  F,  Ferrero,  C,  Manfredotti , 
and  H.  Arenhovel 
Nuovo  Cimento  5 IB.  199  (1967) 


METHOD 


L.  Pasqualini,  G.  Piragino, 


ELEM. SYH.  A 


z 


Se 


REF.  NO. 


>4 


67  Co  2 


EGF 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANOE 

TYPE  RANGE 

G,XN 

ABX 

THR-  24 

C 11-24 

BF3-I 

4PI 

nc.  1.  — Corrected  (y.  To)  croM*0cctfoo  for  So,  The  dipolo  itrcn^hA,  calculated  for  oro 

indicated  by  tho  Tcrtiool  bon. 
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METHOD 


EUEM.  SYM. 


Se 
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REF.  NO. 


67  Hu  2 


EGF 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  range 

G.N 

ABY 

THR-22 

C 22 

THR  A- 

DST 

Si 


YIELD  AT  Ee  > 22  M«V 
ACTIVATION  BY  PHOTONEUTRONS 


Photoneutrona  from  varioua  elements  as  measured  in  the  present 
iSdT  ^ have  been  normalized  to  Baker's  mcasuremcnu  for 


SOOOr 


• PRCSCNT  WORK 

• BAKER  (1960) 
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ANISOTROPY  COEFFICIENT  -Oi 


Fig.  Z •rte  anisotropy  coefficients  <m,  in  the  formula  W(t)  - o.(l  + a.P,  + a,P,) 
^tamrf  in  the  present  work,  and  those  obtained  by  other  workers  in  the  same  pan  of  the 
Periodic  Table. 


TABLE  I 


Element 

at* 

Si 

» 

Gf 

Nickel 

77(1.0±0.0a) 

0.14±0.04 

• -0.34±0.06  1 

Zinc 

236(1.0zfe0.04) 

0.06±0.03 

-0.30±0.04 

Selenium 

525(1.0±0.05) 

0. 10:1:0. 04 

-0.25±0.05  1 

Zirconium 

380(1.0±0.05) 

0.03d:0.04 

-0.27±0.05  1 

Niobium 

392a.0±0.al) 

0.01±0.02 

-0.30d=0.03 

Molybdenum 

410(1.0^0.03) 

0.0.i±0.03 

-0.41±0.04 

Cadmium 

755(1.0±0.02) 

- 0.0.5±0.01 

-0.28±0.02 

Tin 

035(1.0±0.02) 

0.08±0.02 

-0.30±0.02 

Lead 

2274(1.0±0.02) 

0.06:^0.02 

-0.48±0.02 

*For  eompariton  purpose*  llic  eeperimenlal  value  o(  at  for  Pb  has  been  normalized  to  coincide  with 
that  obtained  by  Raker  and  McNeill  (1001)  and  Is  the  yield  per  ' el.  per  100  roenisen.  All  other 
vuluet  ^ •*  have  also  been  quoted  with  the  same  normaJlzathw. 
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Fig.  8.  Differential  total  scattering  cross  section  at  180*  foe  natural  Sa.  See  caption  for  fig.  <C 


Fig.  4.  Differential  total  scattering  cross  section  at  150*  for  natural  Ti.  The  full  curve  through  ex- 
perimental points  is  only  a gxiide  for  the  eyes.  The  vertical  bars  represent  the  rclative’strength  of 
dipole  levels  calculated  by  the  D.C.M.  with  parameters  of  table  1.  Theoretical  clastic  plus  inelastic 
scattering  is  computed  from  these  levels  with  a common  width/"  (dashed  curve).  Experimental  iti<^’ast'c 
scattering  (histogram;  and  theoretical  inelastic  scattering  to  the  first  2*  (full  curve)  are  shown  in  the 
lower  part  of  the  figure.  Open  circles  give  the  crou  section  alter  background  subtraction. 


Table  4 


Integrated  inelastic  scattering  cross  section 


Nucleus 

Limits  of 
integration 
(in  .MeV) 

Experimental  ’) 

1 ai(£)d£  (.McV  • ,ub) 

2* 

Theoretical 

(.MeV-.ub) 

Total 

Ti(*»Ti) 

16  —24 

250=  50 

425 

109 

514 

*‘V(“Cr) 

16.4-14.9 

492=  50 

509 

I 16 

;'9 

Cr 

16.4-23.4 

431=  60 

509 

116 

379 

’*As(’‘Sc) 

14.1-23.6 

1254  = 120 

1373 

414 

1737 

Se(*®Se) 

14.1-24.6 

1035-100 

1066 

333 

:419 

t«Y 

364 

CdI“*Cd) 

13.6-23.3 

3264  = 240 

1894 

370 

2264 

ln(“*Cd) 

13.6-23.6 

2340=220 

2173 

3o6 

2561 

Sn("®Sn) 

U.2-24.2 

2363  ±220 

643 

*)  We  assume  an  angular  distribution  of  the  form  1 -r-pj  cos*  9. 
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Fig.  12.  Experimental  values  of  the  level  density  parameter  (Fermi  gas  formula  plus  pairing  cor- 
rection) versus  atomic  number  A.  The  continuous  curve  is  a least-squares  At  to  the  data  of  a 
theoretical  calculation  from  Newton  ' ^). 
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Fig.  1 3.  Ratio  versus  atomic  number  A.  Here  a.„  is  the  level  density  parameter  taken  from 

the  neutron  resonance  work  of  refs.  *•  ^),  and  a,  is  the  level  density  parameter  derived  from  the 
present  {y,  n)  work.  Filled  circles  represent  points  where  nuclei  in  the  neutron  resonance  and  in  the 
(y,  n)  experiment  were  the  same.  Open  circles  represent  points  where  the  respective  nuclei  were 
approximately  matched.  Triangles  represent  points  which  are  based  on  measurement  of  neutron 
mean  energies  at  two  bremsstrahlung  energies  only. 
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Table  3 


Cotnpatlson  of  experimental  and  theoretical  data  on  nuclear  level  densities  with  Fermi  gas 
formulae,  and  comparison  of  nuclear  level  density  parameters  from  (7,  n)  and  n-resonance 

absorption  experiments 


Target 

N 

(residual 
nucleus) ') 

Goodness 
of  fit* *) 
no  with 
p.c.  p.c. 

£.(24)  T a, 

(MeV)*)  (MeV)‘)  (MeV"‘)*) 

(MeV-‘)') 

ri») 

23 

8% 

1.93 

8.1-*m 

6.41-‘’Ti 

0.79 

24 

8% 

25 

73% 

26 

5% 

27 

5% 

'v) 

27 

100% 

1.96 

8.7-»®V 

6.35-’‘V 

0.73 

Cr 

25 

4% 

P 

C 

1.89 

8.6-“Cr 

6.9  -»‘Cr 

0.80 

27 

84% 

28 

10% 

29 

2% 

Mn 

29 

100% 

V.P. 

G 

2.1 

8.2-**Mn 

7.82-“Mn 

0.94 

Fe 

27 

6% 

F 

G 

1.96 

8.0-»*Fe 

7.06-**Fe 

0j88 

29 

92% 

30 

2% 

Co 

31 

100% 

P 

F 

2.12 

7.7-»»Co 

8.35-*®Co 

1.08 

Ni 

29 

68% 

V.P, 

P 

2.04 

1.4  6.5-”’Ni 

7.19-*»Ni 

1.10 

{Z  = 28) 

31 

26% 

32 

1% 

33 

4% 

\ 

35 

1% 

• 

Cu 

33 

69% 

V.P. 

P 

1.78 

1.0  9.8-**Cu 

8.90-**Cu 

0.91 

35 

31% 

Zn 

33 

49% 

F 

F 

1.61 

10.5-***Zn 

10.0-**Zn 

0.95 

35 

28% 

36 

4% 

37 

19% 

As 

41 

100% 

V.P. 

F 

1.44 

14.5-’*As 

12.81-^‘As 

0.88 

Se*) 

41 

9% 

1.39 

l3.3-’*Se 

12.8  -’'Se 

0.97 

42 

8% 

43 

24% 

45 

50% 

47 

9% 

Br 

43 

45% 

V.P. 

V.P. 

1.41 

14.5-’*Br 

12.69-»«Br 

0.88 

45 

49% 

Sr 

47 

10% 

F 

G 

1.31 

13.6-*’Sr 

11.4  -*^Sr 

0^ 

48 

7% 

49 

83% 

*)  Neutron  numbers  and  abundances  of  respective  residual  nuclei  in  (y,  n)  experiments. 

These  give  an  assessment  of  the  goodness  of  fit  of  a calculated  £„  versus  Eo  curve  to  the 
observed  data,  using  the  Fermi  gas  level  density  formula  both  without  and  with  pairing  corrections. 

‘)  Bremsstrahlung  photoneutron  mean  energies  £,  for  peak  bremsstrahlung  energy  £0  = 24  MeV. 

Nuclear  temperature  from  fit  with  constant-temperature  formula. 

•)  Level  density  parameter  a,  derived  from  the  present  (y,  n)  experiment,  using  a Fermi  gas 
formula  plus  pairing  correction,  and  corresponding  residual  nucleus  (the  atomic  weight  shown  is 
the  weighted  average  of  atomic  weights  of  the  respective  isotopes  present). 

0 As  column  7,  but  using  data  on  n-resonance  absorption  from  refs. 

•)  Measurements  of  £„(£«)  for  these  nuclei  were  made  only  for  £©  = 21,  23  and  24  MeV. 
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The  method  is  developed  for  calculation  of  the  isomeric  ratio  for  the  case  of  low  escitation  energy  of  the 
residual  nucleus,  and  the  isomenc  ratio  is  measured  inthe(R,2n)and(r,n|  reactions  in  the  neutron-deficient 
nuclei  *'Mo,  ’*Zr.  "Sr.  and  ’*Se.  The  good  agreement  between  the  experimental  and  theoretical  results  on  the 
(y.  Jij  reaction  has  confirmed  the  reliability  of  the  characteristics  of  the  residual  nuclei,  the  transmission 
coefficients  of  the  emitted  neutrons,  etc.,  used  in  the  calculations.  From  study  of  the  |n , 2n ) reaction  we  have 
obtained  values  of  the  parameters  of  the  spin  dependence  of  the  level  density  of  the  nucleus  in  the  excitation- 
energy  region  — 14  MeV. 


ISOMERIC  RATIO 


PACS  numben:  Z3.20L  -f  y.  2S.4aCr,  27  JO.  e,  27.60.  -f  j 


TABLE  ni.  Isomeric  ratio  in  the  fy.n)  reaction. 


Tarftt  nucitus 

«ti* 

•nm. 

Publnhctf 

«Mo 

1.54*0.13 

US 

l.i'I=0.l.i  (Tm  (OJ 
i.'Oi.ci  II'M 
usuxii.ii;  (3<M  (t.'<l 

"tr 

l.'.2i0.tM 

t.^9 

O.jilxtuj  (3ul  (101 

“Sr 

•>.70*0.07 

O.Sft 

(i.tiSxO.U  (3(>l  (lj| 

■*St 

7.5*  1.0 

U».3  *» 
8 a** 

'*In  parentheses  we  have  given  the  values  of  the  brcmsstrah- 
lung  maximum  energy. 

’’in  the  calculations  we  used  the  ^Se  level  scheme  of  Ref.  2. 
/.=  7/r  and  = 

’an  the  calculations  we  used  the  level  scheme  of  ’’Se  in  Ref.  3, 
/,  = 9/2*  and  /,  = 3/2T. 
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used  to  obtain  SN  cross 

Table  2 


Niiclidn 

A 

E],M«V 

C|,  MaV 

1 NudMa 

«. 

E],  MaV 

E|,MaV 

«Zn 

o.ri 

0.00 

18 

1 

^•Ce 

0.2.7 

0.762 

18 

••Zn 

0^ 

l.«»4 

13 

’•St 

0J3 

0.V.0 

18 

«Zb 

0^ 

1.08 

18 

’•Sc 

0.3 

0.616 

13 

’•Cc 

0^1 

1.0« 

18 

••Sf 

0.25 

a6.74 

18 

11^*1 

0.885 

18 

•»Sf 

0.2 

0,653 

IS 

»«Ce 

0.8 

IH 

Fig.  3.  The  same  as  in  Fig.  1,  but  for 


Cross  sect lens  of  photoneutron  reactions. 
The  dipole  photoabsorption  forces  are  taken 
from  [6,7]  (the  solid  black  columns). 


I M 


.G. Huber  et  al., 
M.G. Haber  et  al.. 
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Fig.  8.  Piztial  photoneutron  cross  section  [afy.  n)+vfy,  pn)]  end  o(y,  2a)  for  Aitows  aad 

Bt»  indicate  theoretical  threshold  values  for  (y,  n)  and  O',  reactums  respectively.  Data  were  not 

corrected  for  impurities. 


Tabu  3 

Integrated  photoneutron  cross  sections  and  comparison  with  sura  rules 


Nucleus 

•*Zn 

|‘*Ga 

r'Ga 

’•Ge 

«Ge 

T«Ge 

’•Ge 

’*As 

’•Se 

’•Se 

••Se 

•*Se 

£m  (MeV) 

29 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5. 

<r„  (MeV  • b) 

0.75 

0.91 

0.78 

0.94 

1.02 

1.12 

1.09 

1.01 

- 1.06 

1.11 

1.13 

OomA 

0.06  MB 

0.78 

0.87 

0.75 

0.88 

0.94 

1 

0.98 

0.90 

0.92 

0.94 

0.95 

B,~B,  (MeV) 

4.2 

13.7 

11.4 

3 

1 

-0.8 

-2.6 

3.3 

1.7 

0.1 

-1.5 

-3 

<r.ia  (mb) 

38 

52 

44 

54 

59 

64 

63 

58 

62 

65 

67 

(mb) 

0.15 

0.18 

0.15 

0.18 

0.19 

0.20 

0.20 

0.18 

0.19 

0.19 

0.19 

o.„(mb-MeV-') 

2.0 

3.1 

2.5 

3.2 

3.6 

3.9 

3.7 

3.4 

3.8 

3.9 

4.2 

a.fA-t  (/lb  - MeV-') 

1.9 

2.6 

2.1 

2.6 

2.8 

2.9  . 

2.8 

2.5 

2.7 

2.6 

2.7 

iREv.  The  notation  used  is  defined  in  the  text.  The  average  experimental  errors  zluoa/oea,  and  >re  approximately  8%. 
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68  Ok  3 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  range 

G,P 

ABY 

THR-20 

C 20 

ACT- 1 

4PI 

rAiH.1-  I . .Summary  or  data  on  (/■,  p)  reactions  with  20  MeV  RREiaiTRAHLUNO 


.Nuclide 

Parent  Residual 

(Natural  (HalMife) 

abundanre.  %) 

s, 

(MeV) 

Observed  r-ray 

Yield  determined 

Energy 

(MeV) 

Branching 
ratio  (%) 

Type  of 
multipolc 
transition 

pCi/mg*> 

Yield/mol>R 

=»Mg 

(10.11) 

•■•Na 

(15  hr) 

12.06 

1.37 

100 

£2 

1.48x10-' 

1.7x10* 

"Si 

(4.7I) 

"Al 

(2.27  min) 

12.33 

1.78 

100 

£2 

1.91 

2.8x10* 

"Si 

(3.12) 

»AI 

(6. 56  min) 

13.59 

1.28 

93.8 

£2-i-ilfl 

6.51x10-' 

l.5x  10* 

“Ca 

(2.06) 

**K 

(22.4  hr) 

12.17 

0.374 

85 

£2+MI 

7.86x10-* 

1.3x10* 

••’Ti 

(7.32) 

••Sc 

(84.ld) 

10.47 

0.887 

100 

£2 

7.11x10-* 

3.1x10* 

"Ti 

(73.99) 

•»Sc 

(3.4d) 

11.44 

0.160 

100 

£2-*-MI 

6.83x10-* 

1.2x10* 

■WTi 

(5.46) 

"Sc 

(1.8d) 

11.35 

1.31 

100 

£2 

4.40x10-* 

5.8x10* 

MCr 

(9.55) 

«v 

(3.8min). 

11.15 

1.43 

100 

El 

5.01x10-' 

6.6x10* 

•»Fe 

(2.17) 

“Mn 

(2.58  hr) 

10.57 

1.81 

23.5 

E1-¥M\ 

8.10x10-* 

2.1x10* 

’•Ge 

(36.74) 

"Ga 

(4.8  hr) 

10.92 

0.295 

97 

(El) 

3.70x10-' 

1.3x10* 

"Se 

(7.58) 

"As 

(26.5  hr) 

9.61 

0.559 

41 

El 

1.48X  10-* 

1.3x10* 

"Sr 

(7.02) 

"Rb 

(I9d) 

9.41 

1.08 

9 

El 

5.15xl0-« 

9.9x10* 

u«Cd 

(12.26) 

"*Ag 

(3.2  hr) 

9.74 

1.39 

35 

El 

1.91x10-* 

2.1x10* 

"’Sn 

(7.57) 

"•■In  (54  min) 

9.58 

1.27 

84 

El 

9.80x10-* 

6.9x10* 

'"Ba 

(11.32) 

"•Cs 

(13d) 

8.67 

0.830 

100 

El 

1.68X  I0-* 

2.2x  10* 

•"Hg 

(16.84) 

■■Au 

(2.7d) 

7.27 

0.412 

100 

El 

. 8.43x10-* 

2.2x  10* 

a)  The  value  corrected  at  the  end  of  1 hr  irradiation  (9.4x  10*  R/min). 


Fig.  2.  The  yield  curve  for  the  (j-,p)  reaction 
with  20  MeV  bremsstrahlung. 
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Tableau  I 

Energie  des  niveaux  excitds,  sections  efflcaces  intdgides  et  u « gF,  FJF  pour  le  ^’’Se 


£(keV) 

a (nb  • MeV) 

«(eV) 

250±10 

8 tJ  aXlO'* 

1-3^0.*  X 10"* 

440±10 

1.8+‘;*xl0~’ 

9.lt|  xIO"* 

520±I0 

5.7+J  jXl0"5 

4.ltf*xl0"* 

823  ±10 

4.61:*  xl0~^ 

8.0t’  xl0~’ 

932  ±10 

3.5t?  xlO”* 

7.8l:|'*  X 10~* 

1000±10 

3.2tf  xlO"* 

8.4l:|  ,xl0~* 

1I90±I0 

6.7t*;|xl0“* 

1600±I0 

0.52tt* 

3.StJ:|xl0“* 

Indirect  Activation  of  17.38s  I62.G  keV  level  by  .5-2.0  MeV  bremsstrahlung. 
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Table  1.  The  paeticulam  op  the  (;-,n)  reaction  products  and  the  data  obtained 
wrtB  20  MeV  bremsstrahluno 


Nuclide 

Half-life 

of 

product 

(sec) 

Gamma-ray  determined 

Limit  of 
detection 

(.MS) 

Yield 

(mol*''R“‘) 

Parent 
(Natural 
abundance,  %) 

Residual 

Energy 

(MeV) 

Branching 
ratio  (%) 

Photopeak 

activity 

(cpm/mg)»> 

“Mg(78.60) 

«Mg 

9.9 

0.511 

200 

2.04x10* 

0.49 

8.1x10* 

'K>(7.67) 

JSmGe 

48 

0.139 

100 

6.37x10* 

1.6 

1.1x10* 

"Se(23.52) 

TtmSe 

17 

0.162 

100 

1.82x10* 

0.55 

1.2x10* 

«Mo(lS.86) 

»>“Mo 

65 

0.650 

57 

2.22x10* 

4.5 

2.7x10* 

“»Ce(88.48) 

istmCe 

58 

0.745 

100 

1.06x10* 

0.95 

1.3x10* 

“*Nd(27.13) 

uimlild 

64 

0.760 

100 

3.19x10* 

3.1 

1.4x10* 

»'»Tb(100) 

IMBXb 

11 

0.111 

100 

2.56x10* 

3.8 

2.2x10* 

a)  The  value  corrected  at  the  end  of  one-minute  irradiation  with  the  dose  rate  of 
10' R/min;*  Counting  geometry  is  20%  with  a 3''dia.x3"NaI(Tl)  detector. 


Values  given  are  for  a^(24.2  MeV) , 
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a(G,SN) . Statistical  theory  used  to  obteun  SN  cross 

section  from  XN  cross  section. 


Table  2 


Nvcltf* 

A 

E,.  M«V 

C|.  MtV  1 

NudMe 

A 

E],  M«v 

Eg.McV 

“Zn 

0.£i 

0.90 

>8  1 

’•Co 

0.25 

0-V)2 

18 

"Zn 

OZl 

l.0i 

IS  ] 

’•Su 

OJU 

0-Vi9 

i6 

"Zn 

U.2 

1.08 

IH  1 

’•S.? 

0,3 

0.6IS 

13 

"Ce 

0^ 

1.04 

18  1 

••Se 

0.23 

0.6.’4 

18 

"Cc 

0.88S 

18'  1 

"Si- 

0.2 

0,655 

18 

"Cc 

fu 

0.8 

IH  H 

Cross  sections  of  photoneutron  reactions. 
The  dipole  photoabsorption  forces  are 
from  [6,7]  (the  solid  black  columns). 

^.G. Huber  et  al.,  Phys. Rev. 155 ,107 3 (67' 
'M.G. Huber  et  al.,  Phys.Rev.l92.223(66. 


Values  given  are  for  a (24.2  MeV)  . 
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Table  3 


NucUda 

•a  mb 

Nuclide 

9,  mb 

Nudide 

9,  mb 

•Zn 

3fi7il9* 

’-Cc 

700-^37 

1021 -t- ,*.2 

••Zn 

872±U 

••Se 

1020*  .70 

••7fi 

» 

•H-.c 

!llld;43 

•*Sc 

••Cc 

7;i:i*37 

’•Sf 

‘J30±30 

*M«an  - square  errors 
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4PI 

993+ 


Fifi  9.  Plitul  photooeutTon  cnn  sections  [a(y,  n)+a(y,  pn)]  and  a(y,  2n)  for  Allows  A*  and 
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Tabu  3 


Intetrated  phoioneutron  cross  sections  and  comparison  with  sum  rules 


FORM  N3S- 
(Rev.  7.14. 
USCOMM*N 


Nucleus 

•*Zn 

|‘*Ga 

r'Ga 

’«Ge 

«Ge 

’*Ge 

’•Ge 

’*As 

’•Se 

’•Se 

••Se 

•*Se 

£m  (MeV) 

29 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

<7«a  (MeV  • b) 

0.75 

0.91 

0.78 

0.94 

1.02 

1. 12 

1.09 

1.01 

1.06 

1.11 

1.13 

OomA 

QMNZ 

0.78 

0.87 

0.73 

0.88 

0.94 

1 

0.98 

0.90 

0.92 

0.94 

0.95 

(MeV) 

4.2 

(3.7 

1I-4 

3 

1 

-0.8 

-2.6 

3.3 

1.7 

0.1 

-1.3 

-3 

0.1.  (mb) 

38 

52 

44 

54 

59 

64 

63 

58 

62 

65 

67 

(mb) 

0.13 

0.18 

0.13 

0.18 

0.19 

0.20 

0.20 

0.18 

0.19 

0.19 

0.19 

ff-ta  (mb*  MeV-') 

2.0 

3.1 

2.3 

3.2 

3.6 

3.9 

3.7 

3.4 

3.8 

3.9 

4.2 

O'h*  MeV-') 

1.9 

2.6 

2.1 

2.6 

2.8 

2.9 

2.8 

2.3 

2.7 

2.6 

2.7 

The  notation  used  is  denned  in  the  text.  The  average  experimental  errors  doo«/<foat  and  ore  approximately  8 %, 
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TYPE  range 

6, HP 
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20-  32 

C 32 

ACT-I 

4 PI 

(YiHp)  yields  Include 


' Tabclle  I 


Rcaktion 

Q‘\\’cTt 

McV 

r.W.Q.  a 
MoV  barn 

mb 

P 

^TflAX 

McV 

r 

MoV 

Ca"*(y,  pu)  K** 

-24.3 

0.005 

2.4 

30  ± 1 

2.1 

Zn*^(y,  ^n)  C.ii** 

- 18.36 

0.03 

Zn**{y,  pn)  Cii** 

- 18.65 

0.031 

7.2 

23  ± 1 

4 

Zn**(y,  p)  Cu*^ 

- 10.01 

0.19 

11.4 

22.7  ± 1 

6 

Sc**(y.  P*0  As” 

- 20.43 

0.02 

Zn*«(y,  2»)  Zn« 

-20.82 

0.08 

Mo**(y,  pn)  Nb” 

-19.5 

0.02 

Sb‘**(y,  ^n)Sn‘*‘ 

-18.2 

0,0006 
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SOURCE 
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G.G 

LFT 

8 

D 8 

SC  D-D 

DST 

(7.819) 

(7.319) 

8=7.  819  MEV 


TABLE  L Reduced  partial  radiation  widths  of  the  7813.9-kcV  resonance  lerel  in  '*Se. 


Energy  of 
tranaitiana 
OceV) 

Energy  of 
final  state 
(ke\0 

Relative 

intensity 

(%) 

Reduced  widths 
(aV  MeV-*xio^) 
*<E1)  kWX) 

Most 

likely 

sharaeter 

7813.9 

0 

100±0.5 

6±1 

117  ±22 

£1 

8369.4 

1449.5  ±0.3 

8.4  ±0.2 

1.0  ±0.2 

13±4 

£1  or  A/1 

6339.4 

1479.5  ±0.1 

9.4  ±0.2 

la  ± 0.2 

21±4 

£1  or  Afl 

5944.7 

1874.2  ±0.3 

1.1±0.2 

0.2 

3±1 

£1  or  Afl 

S8S8.4 

1960.5  ±0.2 

27.3  ±0.3 

4±1 

78  ±14 

£1 

5507.2 

2311.8  ±0.7 

4.2  ±0.5 

0.8  ± 0.2 

14  ±3 

£1  or  A/1 

5304.4 

2514.5  ±0.3 

6.4  ±0.3 

1.3  ±0.2 

24±5 

£1  or  Afl 

5191.6 

2627.3  ±0.4 

1.0  ±0.3 

0.3  ±0a 

4±2 

£1  orAfl 

5004.3 

2814.8  ±0.5 

3.5±0.3 

0.8  ±0.2 

16±3 

£1  or  A/1 

4991.4 

2827.5  ±0.2 

12.4  ±0.4 

3±1 

58  ±10 

£1 

4692.4 

3128.5  ±0.2 

12.5  ±0.3 

4±1 

68±13 

£1 

4619.1 

3199.8  ±0J 

5.5  ±0.3 

1.6  ±0.3 

30±6 

£1  or  Afl 

4570J. 

3248.8  ±0.5 

7.3  ±0.3 

2.2  ±0.4 

43±8 

£1 

4503 

3317  ±1 

2.2  ±0.4 

0.7  ±0.2 

14  ±3 

£1  or  Ml 

4468.2 

3350.7  ±0.2 

9.2  ±0.4 

3±1 

58±U 

£1 

4427.1 

3391.3±0J 

8.5  ±0.3 

3±1 

5S±10 

£1 

4378.3 

3442.1  ±0J3 

5.2  ±0.4 

1.9±0.3 

35±7 

£1  orAfl 

4212.0 

3608.9  ±0.4 

3.7  ±0.3 

1.5  ±0.3 

28±6 

£1  orAfl 

4199.1 

3619.8  ±0.5 

2.8±0.3 

U±0.2 

21±S 

£1  orAfl 

4163 

3658  ±1 

1.3  ±0.3 

0.5  ±0.1 

10±3 

£1  orAfl 

3949.1 

3869.8  ±0.5 

3.0  ±0.4 

1.5  ±0.3 

27±8 

£1  or  Afl 

3866.9 

3952.0  ±0.4 

3.0±0.5 

1.6  ±0.4 

30±T 

£1  orAfl 

3756,1 

4062.8  ±0.4 

4.3  ±0.4 

3±1 

50  = 10 

£1 

(over) 
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TABLE  n.  Experimental  A j;  coefRcients  compared  with  theor7,  asaamiag  pure  dipole. 


Energy  of 
transition 
(keV) 

Energy  of  final 
state 
(keV) 

Transitions  in  ‘°Se 

Theoretical  Af}  coefficients  for  various 
assumed  spin  sequences 

0—1—0  0—1  — 1 0—1  — 2 

0.500  -0.250  0.050 

7818.9 

0 

+0.500 

6369.4 

1449.5 

+0.15  ±0.13 

6339.4 

1479.5 

+0.38  ±0.06 

5944.7 

1874.2 

+0.62  ±0.58 

+0.62  ±0.58 

S858.4 

1960.5 

+0.06±0.03 

5507.2 

2311.8 

-0.03  ±0.17 

5304.4 

2514.5 

+0.17  ±0.09 

5004.3 

2814.6 

+0.37±0.37 

+0.37  ± 0.37  ‘ 

4991.4 

2827.5 

+0.13  ±0.07 

4692.4 

3126.5 

+0.14±0.08 

4619.1 

3199.8 

+0.21  ±0.10 

4570.1 

3248.8 

+0.01  ±.0.09 

4502 

3317 

+1.2  ±0.7 

4468.2 

3350.7 

-0.2S±0.08 

4427.1 

3391.8 

+0.11  ±0.07 

4376.8 

3442.1 

+0.40  ±0.18 

4212.0 

3606.9 

+0.19  ±0.19 

4199.1 

3619.8 

+0.46  ±0.28 

3949.1 

3869.8 

-0.25  ±0  JO 

-0.2S±0.30 

3866.9 

3952.0 

-0.30  ±0J8 

-0.30±0J8 

3756.1 

4062.8 

+0.39  ±0.24 

‘Only  spin  assignment  of  2 is  valid  for  the  final  state, since  the  transition  to  the  ground  state  was  observed  (seeFigJ 
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Cf^ss  sections  of  photoneutron  reactions, 
dipole  photoabsorption  forces  are  taken 
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Fig.  10.  Partial  photoneutroa  cross  section  [afy,  a)+a(y,  pn)]  and  a(y,  2a)  for  *"Se.  Arrows 
and  P*a  indicate  theoretical  threshold  values  for  O't »)  ^0  (y,  2n)  reactions  respectively. 
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Integrated  photoneutron  cross  sections  and  comparison  with  sum  rules 


Nucleus 

•*2n 

)**Ga 

r'Ga 

T«Ge 

«Ge 

T*Ge 

T«Ge 

’*As 

T«se 

’•Se 

••Se 

•*Se 

£m  (MeV) 

29 

26J 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5 

26.5- 

(To.  (MeV  • b) 

0.75 

0.91 

0.78 

0.94 

1.02 

1.12 

1.09 

1.01 

- 1.06 

1.11 

1.13 

OoaA 

0.06  NZ 

0.78 

0.87 

0.75 

0.88 

0.94 

1 

0.98 

0.90 

0.92 

0.94 

0.95 

B,-B,  (MeV) 

4.2 

|3.7 

il.4 

3 

1 

-0.8 

-16 

3.3 

1.7 

0.1 

-1.5 

-3 

ff_i.  (mb) 

38 

52 

44 

54 

59 

64 

63 

58 

62 

65 

67 

ir.uA't  (mb) 

0.15 

0.18 

0.15 

0.18 

0.19 

0.20 

0.20 

0.18 

0.19 

0.19 

0.19 

ff-i.  (mb- MeV-') 

2.0 

3.1 

15 

3.2 

3.6 

3.9 

3.7 

3.4 

3.8 

3.9 

4.2 

o_i,/4”l  (/lb  - MeV”') 

1.9 

16 

11 

16 

18 

2.9 

18 

15 

17 

16 

17 

(R ev.  7»1  4-« 

uscoMM*Ne  The  notation  used  is  denned  in  the  text.  The  avenife  experimental  errors  and  are  approximately  3 %.  129 
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Fig.  11.  Partial  photoneutron  cnm  sections  [a(y,  n)+a(y,  pn)l  and  a(y,  2a)  for  “Se.  Arrows^ 
and  Bta  indicate  theoretical  threshold  values  for  O',  a)  *ad  O',  reactions  respectively.  Data 

not  corrected  for  impurities. 
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Tyrian  purple  (an  organic  compound  of  bromine)  was 
used  as  a rich  and  costly  dye  centuries  before  the 
element  bromine  was  discovered.  It  was  prepared  from  a 
white  juice  secreted  by  the  Mediterranean  mollisk  that 
was  mentioned  in  the  Bible  (Ezek.  27:7,16). 

Credit  for  the  discovery  of  bromine  is  given  to  Antoine- 
JefSme  Balard  (1802-1876),  a Frenchman  and  an  obscure 
young  assistant  at  the  chemistry  department  of  the 
College  of  Montpellier.  At  the  time  of  his  discovery  he 
was  only  23  years  old.  In  1824,  while  studying  the  flora 
of  a salt  marsh,  Balard  noticed  a deposit  of  sodium 
sulfate  which  had  crystallized  out  in  a pan  containing 
mother  liquid  from  common  salt.  In  an  attempt  to  find  a 
use  for  these  waste  liquors  he  made  a series  of 
observations  which  led  to  the  discovery  of  bromine.  He 
suggested  the  name  "muride"  for  the  new  element  to  the 
French  Academy  of  Science,  They,  in  turn,  proposed  the 
name  "brome"  from  the  Greek  word  bromos  meaning 
stench,  to  indicate  its  strong  irritating  odor. 
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method 


Br 

REF.  NO. 


Linac;  isomer  yield;  activity 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TVPC  AANCC 

G.G/ 

RLY 

1 

Gil- 

ACT- 1 

(0.21) 

Table  II.  The  isomers  observed 


Isomer 

Observed  value 

Referenced  value“>‘*’ 

Half-life 

Energy  (MeV) 

Half-life 

Energy  (MeV) 

Se-77m 

17.5 

sec 

0.160 

17.5  sec 

0.161 

Br-79m 

4.80 

sec 

0.209 

4.8  sec 

0.208 

Sr-87m 

2.3 

hr 

0.390 

2.8  hr 

0.388 

Y-89m 

IS.O 

sec 

0.920 

14  sec 

0.915 

Rh-103m 

38 

min 

« 

37  min 

0.040 

Ag-107m 

Ag-109m 

} ^ 

sec 

1 0.95 

44  sec 

40  sec 

0.094 

0.088 

Cd-lllm 

47 

min 

0.150,0.255 

49  min 

0.150,0.247 

In-115m 

4.5 

hr 

0.335 

4.3  hr 

0.335 

Sn-U7m 

17 

day 

0.160 

14  day 

0.159,0.161 

Ba-137m 

2.6 

min 

0.660 

2.6  min 

0.662 

Er-167m 

2.10 

sec 

0.209 

2.3  sec 

0.208 

HM79m 

18.5 

sec 

0.157,0.215 

19  sec 

0.161,0.217 

W-183m 

5.4 

sec 

0.200,0.170,0.115 

3.3  sec 

0.1025,0.^13  other; 

Ir-191m 

4.90 

sac 

0.129,  <0.07 

4.9  sec 

0.042-0.129 

Pt-195m 

4.5 

day 

0.065** 

4.1  day 

0.031-0.130 

Au-197m 

7.0 

sec 

0.10,0.27,0.40 

7.2  sec 

0.130,0.270,0.407 

Hg-199m  ■ 

43 

min 

0.160,0.370 

42  min 

0.158,0.368 

* This  isomer  was  measured  with  a G>M  flow  counter. 

*•  This  value  corresponds  to  Pt-K  X-ray  energy. 


Table  m.  Induced  activation  rate 


Element 

Beam 

energy 

(MeV) 

1 

Counting  rate 
( X lOOCO  cpm) 

Sample  .'orm 

Se 

3 

1300 

metallic  .ct 

Br 

4 

1600 

Na3r  grai. 

Sr 

6 

0.3 

SrCOj  powcer 

Y 

5 

90 

metallic  grain 

Rh 

5 

i0.2l* 

RhCL,  grain 

Ag 

5 

180 

metallic  plate 

Cd 

6 

0.5 

CdCli  grain 

. [n 

g 

8 

metallic  plate 

Sn 

6 

0.0005 

metallic  plate 

Ba 

0 

0.6 

BaS  powder 

Er 

4 

4900 

ErjOa  powder 

Hf 

5 

1600 

metallic  plate 

W 

5 

120 

metallic  powder 

Ir 

1 5 

2100 

metallic  powder 

Pt 

5 

0.3 

metallic  plate 

Au 

4 

4300 

metallic  plate 

" Hg 

r 

6 

0.09 

metallic  liquid 

U.S.  department  OF  CC  VM£SC  = 
NATIONAL  SURCAUO^  T a * *.  a A 7/ G 


♦ The  value  measured  with  a G-M  flow  counter. 
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METHOD 


McNeill 


ELEM. SYM.  A Z 


Br 

REF.  NO. 


35 


68  Ju  1 


BGF 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYRE  RANGE 

G.N 

NOX 

THR  - 27 

c ZL 

THR i= 

DST 

W(e)  = + a^Pj 


TABLE  I 


Target  element 

Z 

Energy 

Ol/tfo 

Vanadium 

23 

32 

640  ±50 

O.lliO.lO 

-0. 

09-0. 1 1 

Chromium 

24 

22 

365  ±39 

0.02-^0.08 

0. 

00^0.  :o 

Manganese 

25 

450  ±33 

0.07±0.05 

-0. 

:i  ±0.06 

Bromine 

35 

27 

874  ±54 

0.05  = 0.06 

-0. 

:5  = i'.o,s 

Molybdenum 

42 

610±60 

0.09-1-0.05 

-0. 

.'5  = 0.06 

Ruthenium 

44 

27 

tIOO±25 

0. 12±0.02 

-0. 

29  = 0.03 

Rhodium 

45 

27 

1270-T47 

0.06-t-0.03 

-0. 

lt  = 0.v33 

Palladium 

46 

27 

1350  ±29 

0.26  = 0.02 

-0. 

.'.2-0.02 

Antimony 

51 

27 

2140r62 

0.04-1-0.08 

-0, 

.25  = 0. 11 

Lanthanum 

57 

27 

1940±70 

0.12-^0.10 

-0 

.52-0. 14 

Praseodymium 

59 

30 

1800±58 

0.20±0.08 

-0 

.40  = 0.09 

Platinum 

78 

27 

2600  ±52 

0.17±0.02 

-0 

. 15  = 0.03 

Lead 

82 

22 

2274  ±59 

0.08  = 0.08 

-0 

.46  = 0.09 

*Tbc  yield  per  mole  per  100  r was  nornuliecd  lo  a yield  of  2274  for  the  lead  sample  at  the  same  cneri;y. 
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Lam,  and  H.H.  Thies 


Br 


35 


REF.  NO. 


73  Ba  20 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TVPC  RANQC 

TYPE  PANQC 

G,N 

NOX 

THR-  27 

C 10-  27 

BF3-I 

4PI 

present  (y,  n)  woric.  Filled  circles  represent  points  where  nuclei  in  the  neutron  resonance  and  in  the 
(Vi  t>)  experiment  were  the  same.  Open  circles  represent  points  where  the  respective  nuclei  were 
approximately  matched.  Triangles  represent  points  which  are  based  on  measurement  of  neutron 
mean  energies  at  two  bremsstrahlung  energies  only. 
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A.  Jarund  and  B.  Forkman 
Z.  Physik  A281 , 39  (1977) 

Br 

35 

RE  = . 

77  Ja  2 

egf 

r e 4 : 

E *4  - 

£N£=UY 

sa.=rE 

£4 -£C  r;: 

Ap;Ci 

T < 7 •=.  * a.  •,  i i 

G,NA24 

ABY 

THR-999 

C 400-999 

ACT- 1 

4PI 

- 

1 r 1 r — 1 — r I r T- 

999=1  GEV 


Fig.  I a j.  Th<;  ncajurid  ii  a fu;;;iion  of  j rr  i ~c.r.:  ir.i'i.-.  Th;  irror  bir;  §ivj  thi  str;:!?;:;*!  jrrori  in  thi  nuxbirs  of 

quanta dc:cctid.  Th; s i=  i:i  I'tiou  to  :h:  yi-la  p; v. ■,:••.  Tr.c  jii'.d  fro3  Cu  (F;p.  1 a)  is  niiasurid  in  [I j and  has 

been  rfcalcuuitiii  usir.p  :hs  r.;^  n;:o:  car\i  of  [5] 


Fiji 


ca!:-. 


r..an  cross  section  in  the  energy  range  400  to  1000  MeV 
•.-a  ■ “ theyieldsof  I-  .aura  1 in  this  work  and  of  Figures  1 to 

r r'*  IS  ai'.cr  -r.  :n  s-,imc  points 


Fij.4.  Mean  cross  seaiocs  of  the  present  work  and  of  [I]  (•) 
compared  with  the  cross  sections  in  proton  irradiations:  > 400  NteV 
143  [■*].  O 700  froin  [16]  and  an  extrapolated  value  from  [17], 

, , , V 3 GeV  from  [18] 
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Resonance  Fluorescence 
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66  La  I 
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REACTION 
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SOURCE 

DETECTOR 

ANGLE 

TYPE  range 

TYPE  RANGE 

G.G 

LFT 

0 - 1 

D 0-1 

NAl-D 0 - 1 

12T 

Fig.  5.  giPf/gf  for  tlio  834  IceV  transition  determined  by  the  scattering  and  by  the  absorptioB  expeii* 
ments  is  plotted  as  a function  of  the  transition  energy  Qec* 
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Fig.  7.  Decay  scheme  of  ”Kr  supplemented  by  the  results  of  the  present  investigation. 
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Br 
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35 


METHOD 
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REF.  NO. 
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66  La  1 


JDM 


REACTION 

RESULT 

excitation 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

rVPC  RANGC 

TYPE  PANGC 

(keV) 


834 
606 
526  a 
b 

398 

307 


Table  1 


Results  of  resonance  scattering  and  absorption  experiments 


(mb) 


£,/V 

V.  r 

(meV) 


£; 

r 


e 


70±10 
60±4 
330±90 
115±30 
23  ±4 
240±II0 


1.25  ±0.28 

0.80 

(18.1  ±6.7)% 

(0.95  ±0.07)  • I0-* 

0.73 

(6  0 ±1.7)% 

(2.8  ±0.7)  • I0-* 
(1.0  ±0.3)  • IO-‘ 

1.00 

(20.7±8.8)  % 

(l.23±0.22)-  IO-> 

0.92 

(5.4  ±2.5)  • IO-» 

0.99 

(raeV) 


1.6  ±0.6 

0.15±0.04 

0.28±0.I2 


given  in  column  3.  e rep- 

self  absorption  in  the  NaBr  absorber  and  allows  the  calculation  of  /Vrhave  been 

obtained  from  the  measurements  described  in  sect.  3.  ^ 


Table  4 

V-transition  probabilities  in  ’*Br 


^Itwl 

Spins 

n 

Tmi +E2 

Te2 

w 

TMt 

(keV) 

([keV) 

r 

(IO«sec-«] 

(I0«  sec-«] 

• 

Te2 

834 

834 

(t)-5 

0.80 

485 

2 

617 

i 

0.04 

20 

(90) 

526 

\ 

0.16 

100 

(1000) 

606 

606 

0.73 

20 

2.1 

0.32 

21 

10 

389 

0.12 

3.2 

35 

345 

} 

0.00072 

0.2 

400 

299 

i 

0.077 

2.1 

25 

208 

} 

0.040 

l.l 

15 

526 

526 

1.00 

28 

3.1 

0.33 

10 

30 

398 

398 

i-*} 

0.92 

2.0 

0.05 

0.16 

61 

2 

181 

\ 

0.008 

0.018 

610 

137 

\ 

0.065 

0.14 

34 

307 

307 

0.99 

5.6 

0.05 

0.10 

10 

7 

^Mi+E2  represents  the  partial  transition  probability  determined  in  the  resonance  fluorescence 
investigation.  The  E2  transition  probabilities  obtained  from  Coulomb  excitation  experiments 
yield  together  with  T^i  +52  ‘he  mixing  ratios  (<)(•  The  results  are  compared  with  predictions  of  the 
single-particle  model  in  column  8 and  9. 
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Betatron  run  at  31.5  MeV,  Yields  measured  relative  to 
Cl  ®^Br(Y,a)'’"^A8  = l.StO.S  MeV-mb 


®®Cu(Y,n)®'‘Cu 

®®Cu(Y,n)®^Cu 


1,4  bam-MeV 
0.7  bam-MeV 
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Betatron;  of  yield;  radioactivity;  Cu  ^(7, n)  reaction 


Elem.  Sym. 


Br 


81 


55 


Method 


■K?rnRsr“ 

57  Er  1 


EGF 


Reaction 


E or  AE 


ad  E 


J 


Notes 


Br®^(7,a) 


Bremss. 

52 


1.5±0.5  MeV-mb 


Based  on  yield  measurement. 
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Iowa  State  70  MeV  synchrotron;  neutron  counter 


Ref.  No. 

57  Ki  1 


EGF 


Reaction 


E or  AE 


(7d  E 


J JT 


Notes 


Bremss, 

15-70 


Measured  relative  yield  of  ground 
state  to  k.h-  hour  BrSO; 

(17  min.)  gs  J = 2 

(k.k  hr.)  J = 5 


Table  I.  Relative  yields  of  Br*  and  Br***  from  the  photoneutron  reaction  in  Br“. 


Experi- 

ment 

Maximum 

brcmsscrahlunc 

energy 

Cl* 

Ci* 

0 

tmmerie 
state  (hr) 

ground 
9tace  (min) 

Ri,R, 

1 

15.7d=l 

4046^16 

88190*2000 

4.39*0.03 

16.26*0.86 

3.*i6^0.S2 

2 

25  ±5 

100±  4 

3927*  183 

4.38*0.02 

17.60=0.03 

2.48*0.12 

3 

25  ±5 

124^:11 

4286*  18 

4.36*0.12 

16.65=0.81 

2.33=0.21 

4 

27.4sbl 

257±  2 

4206*  501 

4.38*0.03 

17.40*0.80 

2.31=0.31 

5 

68.0±1 

1687*18 

41046*  944 

4.37*0.05 

16.79*0.57 

2.50*0.03 

6 

70  ±1 

1000*10 

29170*  605 

4.39*0.05 

17.56*0.10 

2.51=0.17 

7 

70  ±1 

303*  6 

9885*  300 

4.36*0.07 

16.72*0.17 

2.36=0.07 

* Contribution  No.  490.  Work  performed  in  the  Ames  Laboratory  of  the  U.  S.  .Atomic  Energy  Commission. 
‘ Katz,  Pease,  and  Moody,  Can.  J.  Phys.  30,  476  (1932). 

'•  Chien  and  Willard,  J.  Am.  Chem.  Soc.  77,  3441  (1955). 

* Katz,  Baker,  and  Montalbetti,  Can.  J.  Phys.  31,  250  (1953). 

* J.  Goldemberg  and  L.  Katz,  Phys.  Rev.  90,  308  (1953). 

‘ K.  Strauch,  Phys.  Rev.  81,  973  (1951). 

* Koch,  McElhinney,  and  Cunningham,  Phys.  Rev.  81,  318  (1951). 

* J.  L.  Lawson  and  M.  L.  Perlman,  Phys.  Rev.  74,  1190  (1948). 


FORM  N8S-418 
uscoMM'OC  tassa-Pea 


PHOTONUCLEAR  DATA  SHEET  153 


u.s.  department  of  commerce 

NATIONAI.  BURFAU  OF  STAMHarDS 


K.  N.  Geller,  J.  Halpern,  and  E.  G.  Muirhead 
Phys.  Rev.  Ll8.  1302-12  (i960) 


. w j t m. 


Br 


81 


35 


method 

Betatron;  neutron  threshold;  ion  chamber 


ncF.  NO. 

60  Ge  3 


NVB 


REACTION 

RESUCT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

angle 

TYPE  AANOK 

G,N 

N0X 

THR 

C THR 

BF3-1 

4 PI 

THRESHOLD 


KrncliiNi 


N«k  ruiw 


PrtsiciU  rcMilU 


Olhvr  results 


Method 


Refcrenca 


1 10.130^0.03S  10.03  ^0.13  mass  data 

eor) 

10.03  d:0.13  mass  data 

Q«r) 


m 

n 

m 

o 


■ Henry  E.  Duck^rth,  Spteirotcofiy  (Cambridge  Univerrity  Pica.  New  York.  lOSat  n. 

Modem  Phye.  29.  773  (1937).  new  lors.  I9sa).  g.  .. 

• R.  W.  King.  Reva  Modern  Phys.  26,  327  (1934). 


f CAM  N8S*4)8 

> • / • . 1 «.  A4I 


-n  . m-  . r • • T 


154 


U.S.  OEPARTMeHTOF  COMMERCE 
NATlONAi.  BUR€AUOr  STANO^OO* 


J.H.  CTirvor,  G.E.  Coote,  T.R.  Sherwood 
nuclear  Phys.  (I962) 


Elem.  Sym. 

Br 


81 


35 


'tcihoJ 


90  McV  electron  synchrotron;  activation;  Nal 


Ref.  No, 

62  Ca  1 


JHH 


Rcnction 


i 


1:  or  A K 


Bremss. 


E 


O 


s 


rrd  F. 


J ^ 


Notes 


50 


Katz  et  , Can,  J.  Phys.  ^ 
(1952)  476. 

Katz  ^ , Can.  J.  Phys.  21 

(1953)  250, 

12 

S.  Silva  ^ al.  , An  Acad.  Brasil 
Clence  28  (1956)  275, 

23 

J.  Goldeinberg  ^ al.  , Phys.  Rev. 
(1953)  308. 


90 


Table  1 

Isomeric  ratios  from  {y,  n)  reactions 


Residual  nucleus 


Target 

nucleus 

/. 

Ground  state 

Metastable  state 

Inter- 

mediate 

state 

Isomer  ratio 

yj(Y^+y.) 

<T 

Spin 

Half-Ufe 

Spin 

Half-life 

Spin 

Co»» 

1- 

Co»* 

2+ 

71.3  d 

5+ 

9.2  h 

0.44=0.02 

II 

Cl 

Ge” 

6* 

Ge» 

i- 

82  min 

i* 

49  s 

0.48=0.07 

2.8=0-S 

Br« 

i- 

Br»« 

1+ 

IS  min 

5* 

4.4  h 

2" 

0.32i0.02 

6.5=l.!> 

Sr*‘ 

0+ 

Sr“ 

»+ 

64  d 

i- 

70  min 

i* 

0.38f;0.07 

2.2i0.-fc 

Zr« 

0+ 

Zr*» 

r 

79  h 

i- 

4.4  min 

0.33:^0.10 

2.8i0.r 

Mo»* 

0 

Mo»‘ 

»+ 

1S.7  min 

4- 

66  s 

0.46^0.04 

«rt 

■Vg*" 

i- 

Agic. 

1+ 

24  min 

6 

8.3  d 

0.04  = 0.02 

2.0  =*»  3 

In»“ 

i* 

Iu“> 

1+ 

14.0  min 

4^- 

20.7  min 

7- 

0.8=0.1 

3. 1 =0.7 

Cd“» 

0*- 

Cd'« 

.73  h 

43  d 

g 0 2 

£ 2 

0* 

Ce'“ 

140  d 

¥" 

00  s 

•.*.0u  -^0.0 1 

2->  -'J  - 

Hgi« 

0^ 

Kg«» 

i- 

6.7  h 

Jt-i* 

24  h 

5“ 

0.05=0.01 

3.4='>  '■ 

r 


Ref.  Previous  work 


Br*‘ 

X.) 

Br’® 

1 + 

18 

min 

5* 

h 

2' 

0.33 

if  3 

Se*= 

12) 

Se>‘ 

18 

min 

57 

niin 

0.5 

Zr»» 

“) 

0* 

Zr« 

79 

h 

1- 

-t.3 

min 

. 0.44  = 0.06 

In‘« 

22) 

In“‘ 

1+ 

72 

s 

5” 

5»> 

d 

8 

0.'>5 

5-'-* 

(T;  ^ 2.5  s) 


The  yields  Vj  and  i',  are  for  (y,  n)  reactions  ending  in  the  isomeric-  or  ground -state.  The 
V,  is  for  the  higher-spin  state. 
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REACTION 
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SOURCE 

DETECTOR 

ANGLE 
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TVPC  PANQC 

G 

ABY 

THR-20 

C 20 

ACT- 1 

4PI 

Table  1.  Summary  ob  d^a  om  (r»a)  reactjons  with  20McV  brzmsitramluno 


Nuclide 

(-4,  MeV) 

' Observed  gamma.ray 

Results  obtained 

Parent 
(Nntur.-tl 
abundance,  %) 

Protlurt 

(llalf.Iife) 

Energy 

(.MeV) 

Dranchin 
ratio  (% 

Type  of 
P multipole 
' transition 

/iCi/mg»> 

Yirlil 

(mol*'-R->) 

»'V(99.75) 

♦»Sc(3.4d) 

10.27 

0.160 

100 

Ml+£2 

1.99X10-* 

2.8x10* 

»»Cu(30.9) 

*'Co(99  min) 

6.75 

0.068 

99 

.Vfl+£2 

7.23X10-* 

9.7x10* 

’>Ga(39.6) 

«Cu(61  hr) 

3.15 

0.184 

41 

m 

2.70x10-* 

9.6x  10* 

»K;e(7.67) 

'•"Zn(l4  hr) 

5.89 

0.435 

100 

Af4 

1.11x10-* 

5.0x10* 

•»Br(49.48) 

”Ai(39  hr) 

6.46 

0.246 

2.81 

Afl+£2 

1.97x10-* 

4.3 X 10* 

'**Ag(48.65) 

'*»Rh<36  hr) 

3.28  0.319-1.0.306 

24.8 

A/1 4.  £2 

8.29x10-* 

3.7x10' 

"Mn(95.77) 

"•Ag(7.6d) 

3.78 

0.340 

6 

A/H-£2 

5.70x10-* 

4.3x  10' 

a)  The  value  corrected  at  the  end  of  1 hr  irradiation  (9.4x  10*  R/min). 


Fig.  1.  The  yield  curve  for  (]•,  a)  reaction  with 
20  MeV  brematrablung. 
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Krypton  was  discovered  by  William  Ramsey  and  his 
assistant  Morris  Travers  in  1898.  They  had  tried 
in  vain  to  find  an  inert  gas,  with  an  atomic  weight 
between  that  of  argon  and  helium,  by  heating  rare 
minerals.  Their  next  attempt  was  to  diffuse  argon 
and  hopefully  fractionate  it  into  gases  of  different 
densities.  They  had  been  given  a liter  of  liquid 
air  which  they  used,  not  for  liquefying  their  precious 
fifteen  liters  of  argon  but  for  obtaining  sufficient 
skill  in  gas  manipulation.  Fortunately  they  were 
careful  to  save  the  residue  of  the  liquid  air  for  they 
found  25  cmJ  of  an  inert  gas.  This  was  placed  in  a 
Plucker  tube  and  connected  to  an  induction  coil. 

Ramsey  and  Travers  observed  a bright  yellow  line  with 
a green  tint  which  did  not  coincide  with  any  of  the 
known  lines.  They  named  the  new  gas  "krypton"  meaning 
"hidden"  in  Greek. 
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Tabclle  1.  Daten  zu  den  einzebten  Reaktionen.  Die  H'erte  fiir  den  integrierien  iVirkungs- 
querschnitt  wiirden  tinier  der  Annahme  <jnssddiefilic/wr  Grnndznstandsiibergdnge 
berechnet.  Fiir  ^Sa  iind  als  Ausnainne  s.  Text 
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-®Ne 
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— 
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100 
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65  u 

24,0 

14182 

6,3  ± 1,0 

— 

7 

604 

32,5 

11152 

12.3  ±2,0 

117±30 

7 

^‘Ar 

99 

8,5 

250  Torr 

32,5 

45173 

57+6 

270x40 

8.  10 

-“Ar 

99,6 

12,5 

230  Torr 

32,5 

29559 

14.2  ± 15 

104±  15 

9,41 

93,1 

6,4 

804 

24,0 

24230 

17,4+2,8 

— 

12 

904 

32.5 

24941 

41,9  ±6.7 

405 ± 100 

12 
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9 
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40±7 

15 

Ep[Mev| 

Fig.  13.  Energicverteilung  der  Photoprotonen  aus  Kr  fur  fg=32,5  MeV. 
Kurve:  Berechnetes  Verdanipfungsspektrum 
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Tahle  ir.  .Summary  of  properties  of  the  first  C2''')  cTcited  states 
of  cvcn-cvcn  Kr  isotopes.  The  values  for  the  relative  B ( i'.l)  are 
taken  from  lief.  1.  Column  6 gives  the  ratio  of  the  observed  transi- 
tion probabilities  to  the  Weisskopf  estimate  (Ref.  10)  for  £2 
transitions. 
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i REF.  NO. 

1 69  Ho  1 

egf 

reaction 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

detector 

ANGLE 

TYPE  PAN6E 

TYPE  PAN«E 

G,XP 

ABY 

THR-  33 

c 24-33 

SCI-D  3-14 

9C 

Tabelle  1.  Daicii  zu  i/cn  L’in:cliwn  Hi'uktionai.  Die  H'oic  fur  iL'it  iiiiegrierten  ll'irkimgs- 
qiiersclinill  wiinicn  iiiilfr  dcr  Aimalinw  uiissc/iliefilklier  Crundziislwtdsiibcrgunge 
beredmet.  Fur  ^.V</  und  uls  Ausnahme  s.  Text 
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gei 

Anreiche- 

rungsgrad 

* 0 
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Schweiie 

.\leV 

Druck 

Oder 

Oicke 

End- 

eiiergie 

MeV 

Zahl 

gcincss. 

Protonen 

•Ausbeuie 
(ib/MeV  sr 

3:.j 

)a(tAt!F  Figur 
Me\  mb 

ISQ 

99 

16.0 

230  Torr 

32,5 

36074 

58+7 

38^6 

1.  2 

-°N« 

90,9 

12,8 

450  Torr 

28,0 

3175 

7.4+  1 

_ 



610  Torr 

32,5 

6293 

14.9  ±2 

61  - 11 

5.6 

“Ne 

99,9 

15.3 

240  Torr 

24,0 

1960 

2.3  ±0,4 

— 

4,  5 

28,0 

4790 

3,6 + 0,6 

— 

4,  5 

32,5 

5210 

6.7 + 0,9 

45  r 5 

4,  5 

^Na 

100 

8,8 

65  u 

24,0 

14182 

6,3+  1,0 

— 

7 

60(1 

32,5 

11152 

12,8  ±2,0 

117-30 
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^®Ar 
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250  Torr 

32,5 

45173 

.57  :r6 

270-40 

8,  10 
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12.5 
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29559 

14,2  ± 15 

104  r 15 

9,  11 

39^ 

93,1 

6.4 

80(1 

24,0 

24  230 

17,4  ±2,8 



12 

90(1 

32,5 

24941 

41,9  ±6,7 

405 ± 100 

12 

99 

10,7 

170  Torr 

32,5 

35515 

I2,7±2,0 

80-20 

14 

Kr 

naturi. 

10 

1 70  Torr 
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13570 

124  ±2,0 

75-20 

13 

-\e 

naturl. 

9 

150  Torr 

32,5 

7553 

7.6  ±0,9 

40^7 

15 

rk.  ! I.  Iincr5ic\erieilung  der  Photoprotonen  aus  ^'*Kr  fur  fg=32.5  MeV'. 
Kur\e:  8erechri«ies  Verdainpfungsspektrum 
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RUBIDim 

Z=37 


Rubidicm  was  discovered  by  Gustav  Kirchoff  and 
Robert  Bunsen  who  announced  their  discovery  to  the 
Berlin  Academy  of  Sciences  on  February  23,  1861. 

The  achievement  was  made  possible  by  the  spectro- 
scope that  the  two  investigators  had  developed. 

Kirchoff s mind  was  more  speculative  than  Bunsen's 
and  he  was  thoroughly  familiar  with  the  researches 
of  Josef  Fraunhofer,  Kirchoff  showed  Bunsen  that, 
instead  of  looking  through  colored  glass  to 
distinguish  between  similarly  colored  flames,  he 
should  use  a prism  to  seperate  the  light  into  its 
constituent  rays  or  lines.  This  was  the  basic  idea 
of  the  spectroscope  which  they  used  to  examine  the 
mineral  lepidolite  from  Saxony.  They  observed  two 
remarkable  red  lines  just  beyond  the  brilliant 
Fraunhofer  lines  at  the  extreme  red  end  of  the  solar 
spectrum.  The  new  lines  were  attributed  to  an 
unknown  substance  which  they  called  rubidium  from 
the  Latin  rubidus  meaning  dark  red. 
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RESULT 
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ENERGY 

SOURCE 
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TYPE  PANCE 

TYPE  RANGE 

G,N  J3*]S 

ABX 

11-24 

D 11-24 

MOD- 1 

4PI 

G»2N 

ABX 

17-24 

D 11-24 

MOD- 1 

4 PI 

PRRTIffl.  CROSS  SECTION  Cf  RUBlOlUH 


Taeu  1 

Lorentz  line  parameten  corresponding  to  fits  shown  in  fig.  6. 
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”Nb 

<Ti  (mb) 
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207  ±10 
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211  ±10 

202  ±10 

r,  (MeV) 

4.1  ± 0.15 

4.2±  0.1 

4.1  ± 0.1 

4.0  ± 0.1 

4.7  ± 0.2 

e,  (MeV) 

16.75  ± 0.05 

16.7±  0.05 

16.7±  0.05 

16.65  ± 0.05 

16.5±  0.05 

Tails  3 

Integrated  cross  sections  (the  notation  used  is  defined  in  the  text) 


Rb 

Sr 

•*Y 

**Zr 

♦»Nb 

<r«  (MeV  • b) 

I.I4  ±0.06 

1.42  ±0.07 

1.36  ±0.07 

1.26-0.07 

1.33  ±0.07 

0.06 /fZ  A- * 

0.91 5 ±0.05 
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0.95  ±0.05 
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(mb) 

67  ±4 

80  ±5 
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71  ±5 
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«r.,(mb  - MeV-') 

4 ±0.2 

4.6  ±0.2 

4.4  ±0.2 

4 ±0.2 

4.8  ±0.2 

£m  (MeV) 

24 

27 

27 

26 

24 

(over ) 
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TOTAL  PHOTO  NCUIWH  Cmt.SCCTIOM 


E I^T•V) 

I 

Fig.  6.  Total  pholoncutron  cross  sections  a-x  o(  Rb,  Sr.  **Y,  **Zr  an<l.*’Nb  an«l  best  one  Lorentc 
line  fit  corrcspontling  to  parameters  given  in  tabi*  U 
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Ref  R.  Tobin,  J.  McElhinney,  L.  Cohen 
Phys.  Rev.  110,  I588  (I958) 


Elem.  Sym. 


Rb 


85 


Ref.  No. 

58  To  1 


37 


Method 


22  MeV  Betatron 


EH 


Reaction 


E or  AE 


a A E 


J ” 


Notes 


Rb^^(Yrn) 


Bremss 

22 


10.5010.08,  based  on  counting 
isomers. 


Fic.  6.  Relative  activity  of  the  21-minute  isomeric  state 
of  Rb“  as  a function  of  betatron  energy. 
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RESULT 
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ENERGY 

SOURCE 
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angle 
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Tabu  L Summary  and  comparison  of  neutron  sqiaration  energies  inferred  from  present  threshold  measurements  with  values  predicted 
from  mass  data  and  reaction  ene^es.  All  energies  are  expressed  in  the  center>of>inass  system  in  Mev. 


Kl-IUtlHMI 

No.  runs 

I'resciit  results 

Other  results 

Method 

Reference 

Rb«(Y.»)Rb* 
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10.65  ^.08 

10.26  ±0.16 

mass  data 

m 

a 

10.13  ±0.25 

mw  data 

m 

<2(r) 

a 

• Henry  E.  Duckworth,  Uasi  Sptetnstopy  (Cambridst  Univinity  Proa  New  York.  19SS).  a.  tTT. 
■ L.  J.  Lidofsky.  Revt.  Modern  Phym.  29«  773  (1957). 
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REACTION 

RESULT 
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SOURCE 
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TYPE  RANGE 

TYPE  RANGE 
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RLY 
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C 45 

ACT- I 

4PI 

ISOMERE  YIELD 


5.  Ergebnisse 

Die  Rechnungen  fur  beide  ReaJctionen  wurden  mit  Spin-cut-oif>Parametern 


a =»  3.5  und  a = 4 durchgefuhrt  und  mit  den  gcmessenen  Isomcrenverhaltnisseo 
verglichen.  Dutch  Interpolation  wurden  Werte  von  a ermittelt,  fur  die  die  berechneten 
Isomerenverhaltnisse  mit  den  gemessenen  Wcrten  ubereinstimmen. 

Es  ergaben  sich  folgende  Resultate: 

• 

Reaktion  J?,,, 

9 

(n,  2n)  1.07±0.05 

3.96±0.06 

(y.  n)  0.37±0.01 

3.78  ±0.03 

korr.  4.04  ±0.03 

Herm  A.  HcB  danken  wir  fur  seine  Hilfe  bci  der  Bestrahlung  am  n-Generator, 
dem  Bundesministerium  fur  wiss.  Forschung  fur  die  Bereitstellung  voa  Sacbmittela. 
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Notes 
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Notes 


Rb®’^(Y,n) 
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= 9.89±0.05 


Fic.  S.  Photoneucron  yield  from  rubidium  os  a 
function  of  betatron  energy. 
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Taols  L Summary  and  oomporiun  of  neutron  separation  energies  inferred  from  present  threshold  measurements  vrith  values  predicted 
from  moss  data  and  reaction  energies.  All  energies  ore  expressed  in  the  ccntcr-of>mass  system  in  Mev. 


ItnicliiNl 

Nu.  runs 

Present  results 

Other  results 

Method 

Reference 

Rb«(Y9»)Rb" 
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9.99  di:0.07 

9.91  ±0.20 

moss  data 

m 

<?(^) 

a 

9.89  ±0.05 

threshold 

k 

k See  reference  2. 

■ Henry  E.  Duckworth,  Um  Sp*dnaco»j  (Cambiidst  Univenity  Prem.  New  York.  19S8).  9.  177. 

■ L.  j.  Lidofsky.  Revi.  Modem  Phys.  20.  773  (19S7). 
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Strontium  was  first  detected  in  1790  by  Or.  Adair 
Crawford  (1748-1795)  of  Edinburgh.  He  had  obtained 
a new  mineral  that  was  found  in  the  lead  mine  at 
Strontian,  Argyleshire;  most  mineralogists 
considered  the  material  to  be  an  aerated  barium 
carbonate.  Crawford  published  a paper  that  showed 
that  the  salt  (strontium  chloride)  obtained  by 
dissolving  the  new  mineral  in  hydrochloric  acid 
differs  in  several  respects  from  barium  chloride. 

He  further  concluded  that  "the  Scotch  mineral  is  a 
new  species  of  earth  which  has  not  hither  to  been 
sufficiently  examined." 
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R.G.  Baker,  K.G.  McNeill 

Can.  J.  Phys.  1158  (I96I) 

Sr 

38 

MCTHoo  Betatron;  fast  neutron  yield,  angular  distribution;  Si  threshold 
detector;  ion  chamber 

RCP.  NO. 

61  Ba  2 

;IV3 

RCACTION 

RESUI.T 

EXCITATION 

CNENOV 

SOURCE 

OETECTOR  1 

TYRE  RANM 

! >NC.r: 

. TV^C  ;«AN6C 

6.XN 

ABY 

THR-22 

C 22 

THR-I  5-r  jS" 

; 

j* 

Ixv- Table  h-. 


7 a average  cross  section  of  detector 
weighted  with  neutron  spectrum 

3 • neutrons/lOO  roentgen/mole 

OB 

W(0)  = a^^  [1  + (cos  ©)] 

n*l 


TABLE  IV 


1 

Element 

11 

a# 

III 

A| 

IV 

at 

V 

(a*)X10** 

VI 

♦,«,i(22  Mev)X10» 

vn 

Vaiudium 

245  ( 

[IdtO.OC) 

0.01±0.08 

-0.00*0.10 

6.05 

0.21 

0.12 

Chromium 

IG4I 

;id:0.03) 

0.04^0.04 

-0.05*0.05 

4.05 

0.17 

0.10 

Maneanew 

3081 

[1±0.02) 

0.07*0.03 

-0.09*0.04 

7.61 

9.25 

0.12 

Iron 

2001 

Ud:0.03) 

0.05*0.04 

-0.17*0.05 

^■4.94 

0.18 

0.11 

Cobalt 

3901 

ldi0.02) 

0.08*0.03 

-0.22*0.04 

9.63 

0,26 

0.15 

Nickel, 

1451 

l:b0.05) 

0.07*0.07 

-0.23*0.09 

3.58 

0.12 

0.12 

Copper 

347  ( 

[ld:0.02) 

0.05*0.03 

-0.29*0.04 

8.57 

0.30 

0.12 

Arsenic 

4821 

ldi0.03) 

0.:i*0.C4 

-0.24*0.05 

11.91 

0.33. 

0.15 

Rubidium 

6381 

!i±0.03) 

0.13*0.00 

-0.14*0.08 

15.76 

Strontium 

4091 

[1±0.05) 

0.10*0.00 

-0.17*0.08 

13.10 

Yttrium 

2901 

ld::0.10) 

0.08*0.12 

-0.12*0.15 

7.16 

SilTcr 

5001 

ld:0.04) 

0.10*0.06 

-0.22*0.08 

:4.57 

0.87 

C.C7 

GadSttum 

9051 

ldb0.02) 

0.02*0.02 

-0.26*0.03 

22.35 

locKlb 

11331 

ldb0.03) 

0.04*0.04 

-0.29*0.55 

27.99 

1.42 

0.08 

Barium 

10481 

l:h0.04) 

0.10*0.06 

-0.38*0.08 

25.89 

Lanthanum 

15951 

ld=0.02) 

0.02*0.03 

-0.42*0.04 

39.40 

1.04 

0.15 

Cerium 

13161 

[1±0.03) 

0.05*0.00 

-0.39*0.08 

32.50 

Dysprosium 

1652 1 

1±0.0S) 

0.61*0. 10 

-0.34*0.13 

40.80 

Tantalum 

1558( 

1±0.02) 

0.04*0.63 

-0.22*0.04 

58.  -iS 

2.50 

0.06 

Tungsten 

13651 

ld:0.02) 

-0.07*0.03 

-0.24*0.04 

33.71 

Mercury 

13451 

[l±0.02) 

0.043:0.03 

-0.31*0.04 

33.22 

Lad 

2274  ( 

IdbO.Ol) 

0.02*0.03 

-0.42*0.03 

56.17 

2.72 

0.08 

Bismuth 

2162 

\l±0.02) 

0.05*0.03 

—0.45*0.04 

53.10 

3.30 

0.06 

Thorium 

3031  < 

!i^0.04) 

0.06*0.05 

-0.32*0.07 

74.87 

Uranium 

4630  ( 

!lm0.02) 

0.05*0.03 

-0.17*0.04 

114.36 

•(»♦)  • S.47X10*  M miUibara-DCulnMi.  Eiron  arc  wnnilard  crrora  due  to  couniinc  ttaiiA'ica  only. 
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T.  Kaminishi,  C.  Kojima 

Jap.  J.  Appl.  Phys.  2,  399  (1965) 

Sr* 

' 

58 

METHOO 

Linac;  isomer  yield;  activity 

REF.  NO. 

63  Ka  2 

NVB 

REACTION 

RESUCT 

EXCITATION 

ENSROY 

SOURCE 

DETECTOR 

ANGLE 

TV^K  MANOC 

G,G/ 

RLY 

1 

C6 

ACT- 1 

1*-PI 

(0.59) 

1 

'able  II.  The  isomers 

observed 

Isomer 

Observed  value 

Referenced  value““*‘ 

Half-life 

Energy  (MeV) 

Half-life 

Energy  (MeV) 

Se-77m 

17.5 

sec 

0.160 

17.5 

sec 

0.161 

Br-79m 

4.80 

sec 

0.209 

4.8 

sec 

0.208 

Sr-87m 

2.3 

hr 

0.390 

2.3 

hr 

0.338 

Y-89m 

15.0 

sec 

0.920 

14 

sec 

0.915 

Rh-103m 

58 

min 

57 

min 

0.040 

Ag-107m 

1 

1 

44 

sec 

0.094 

Ag-109m 

\ 42 

sec 

y 0.95 

40 

sec 

0.088 

Cd-lllm 

47 

min 

0.150,0.255 

49 

min 

0.150,0.247 

In-115m 

4.3 

hr 

0.335 

4.5 

hr 

0.335 

Sn-117m 

17 

day 

0.160 

14 

day 

0.159.0.161 

Ba-137m 

2.6 

min 

0.660 

2.6 

min 

0.662 

Er-167m 

2.10 

sec 

0.209 

2.5 

sec 

0.208 

Hf-179m 

18.5 

sec 

0.157,0.215 

19 

sec 

0.161,0.217 

W-183m 

5.4 

sec 

0.200,0.170,0.115 

3.3 

sec 

0.1025,0.2915  othen 

Ir-191m 

4.90 

sac 

0.129,  <0.07 

4.9 

sec 

0.042-0.129 

Pt-195m 

4.5 

day 

0.065** 

4.1 

day 

0.031-0.130 

Au-197m 

7.0 

sec 

0.10,0.27,0.40 

7.2 

sec 

0.130,0.270,0.407 

Hg-199m 

43 

min 

0.160,0.370 

42 

min 

0.158.0.368 

* This  isomer  was  measured  with  a G-M  flow  counter. 
**  This  value  corresponds  to  Pt-K  X-ray  energy. 


Table  III.  Induced  activation  rate 


Element 

Beam 

energy 

(MeV) 

Counting  rate 
( X lOOCO  cpm) 

Sample  form 

Se 

5 

1300 

metallic  pellet 

Br 

4 

1600 

NaBr  grain 

Sr 

6 

0.3 

SrCOi  powder 

Y 

5 

90 

metallic  grain 

Rh 

5 

v0.2'» 

RhCla  grain 

5 

180 

metallic  plate 

Cd 

6 

0.5 

CdCU  grain 

[n 

6 

a 

metallic  plate 

Sn 

6 

0.0005 

metallic  .olate 

Ba 

5 

0.6 

BaS  powder 

Er 

4 

4900 

Er-Os  powder 

Hf 

5 

1600 

metallic  plate 

W 

5 

120 

metallic  powder 

It 

5 

2100 

metallic  powder 

Pt 

5 

0.3 

metallic  plate 

Au 

4 

4300 

metallic  plate 

Hg 

6 

0.09 

metallic  liquid 

•'OHM  »•  * measured  with  a G-M  flow  counter.  u.s.  oepartment  of  ccMwaRCE 
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R6F. 
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A.  Veres 

Acta  Phys.  Acad.  Sci.Hung,  261-73  (1963) 


Sr 


38 


METHOD 


REF.  NO. 


Radioactive  source 


63  Ve  2 


NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGC 

TYPE  RANGE 

G,G/ 

ABX 

0-1 

D 0-1 

NAI-D 

ISg'MfiRS 


TadJiHita  II 

HsMepeHHue  SHaqeHMa  nocjie  o6.nyMeHHji.  cpasHmaeMue  c apyriiMM  .airrepaTypHUMii 

aaHHbiMlI 


AKTHSHOCTh 

oGnyscHMn 

nocne 

Iakthbh. 

SKcrpn. 

B 

KOHUe 

JlyreparypHue 

iUMHkie 

1 ilaHHue 

1 H3MCpeHHA 

r 

nepsoro 

KSMepeHMii 

(hmo/mhh.) 

oonyH. 

(Mmn/ 

MHH.) 

r./. 

£ 

(KM) 

1 

B 

(KM) 

(10- "CM*) 

*ym 

(I0--M) 

Sc- 77m 

3842±96 

5400 

17,5  CCK. 

160 

■ 

C6K. 

160±10 

9.5 

1,75 

Sr-87m 

191  ±5 

200 

2,8  m. 

390 

2.9±0,1  M. 

365±25 

0,85 

0.2 

y-89m 

96±20 

170 

16  CCK. 

910 

16,7±5  C6K. 

0,08 

0,02 

Rh-103m 

28i5 

31 

57  MHH. 

40 

58±2mhh. 

20,5±0,5 

0,08 

0,01 

Ag-107m 

220±14 

250 

44  CCK. 

93 

43,8i0,6  CCK 

91  ±10 

0.8 

0,2 

Ag-109m 

39cek. 

88 

Hf-179m 

80±18 

155 

19  CCK. 

160; 

215 

19‘d;2  CCK. 

1 

0.2 

Ir-191m 

90±20 

250 

4,9  C6K. 

42; 

130 

5±2  CCK. 

32±3 
67.5  ±5 
96±5 
130±10 

5,6 

1 

Pt-195m 

90±9 

100 

3j5  XU 

3.1; 

100; 

130; 

3,5  ±0,2  fl. 

0,2 

0,04 

Au-197m 

240i;16 

520 

7,2  CCK. 

130; 

277; 

407 

7,2±  1 CCK. 

68:130: 

280±20 

390±20 

0,07 

0,01 

Hg-199m 

9.6±3.2 

42  MHH. 

160; 

370 

1 

0,005 

0,001 

A€im  Pl^  Tmm.  XVI.  faw.  3. 
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R,  S.  Hicks  and  B.  M,  Spicer 
Nucl.  Phys,  A159.  265  (1970) 


mcThOO 


I ELCM.  SVM.  A Z 

I 

I 


! Sr 


38 


t 

1 

\ PEP.  NO. 


I 70  Hi  1 


egf 


REACTION 

RESULT 

excitation 

ENERGY 

SOURCE 

oetector 

ANCLE 

TYPE  RANGE 

TYPE  RANGE 

G,XN 

ABX 

10-27 

C 10-27 

BF3-I 

4PI 

l-ii!.  I.  The  [Srf-/,  n)  2^r(y,  ^n)]  cross  section  obtained  by  j.-  T the  yield  curve  using  three 
• ,.ond  diirerenec  calcalations.  The  rcsuiul..  . ,'!red  is  1.08  MeV. 


f 


• over 


FORM  NBS-418 

(R  ev.  7-1  4-941 
USCOMM-OC  29010-P94 
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200r 


I 


Fig.  2.  Jhe  [Sr(y.  n)-i-Sr(;’,  2n)]  cross  section  ami  calculated  dipole  spectra.  The  points  portray  the 
rcsulCobtaincd  by  0.72  MeV  second  difference  analysis  and  the  continuous  cur^e  is  obtained  by  Cook 
least-structure  analysis,  for  which  the  resolution,  implicit  within  the  method,  is  indicated  by  the 
horizontal  bars.  Plain  vertical  bars  represent  the  predictions  of  :''.e  dynamic  collective  model,  whilst 
the  hatched  bars  show  the  results  of  the  particle-hole  calcul  ation  of  ref.  ').  .Vnalogue  F>  states 
arising  from  the  latter  calculation  are  designated  A. 


1)B.  Goulard,  T.A,  Hughes,  S,  Fallieros, 
Phys,  Rev.  126  (1968)1345. 


/ 
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ecEM.  iTM. 


A,  Lepretre,  H.  Beil,  R.  Bergere,  P. 
Nucl.  Phys.  A175,  609  (1971) 


method 


REACTION 


G.N 

G.2N 


RESULT 


EXCITATION 

ENERGY 


ABX 

ABX 


11-27 

19-27 


Carlos  and  A.  Veyssiere 


Sr 


38 


REF.  NO. 

71  Le  1 


egf 


SOURCE 


TYPC  PANGC 


11-27 

11-27 


OETECTOR 


MOD- 1 
MOD- 1 


ANGLE 


4PI 
4 PI 


10  12  IH  16  18  20  22  24  26  :3 

E (M*VI 
I 


Fig.  2.  Partial  pholoncutron  cross  sections  a(}\  n)  and  a(y,  2n)  of  Sr. 


Taiu  1 


Lorenu  line  parameters  corresponding  to  fits  shown  in  fig.  6. 


Rb 

Sr 

••Y 

••Zr 

**Nb 

a,  (mb) 
r,  (MeV) 
£.  (MeV) 

192  ±10 

4.1  ± 0.13 
16.75  ± 0.03 

207  ±10 
4.2±  O.I 
I6.7±  0.03 

223  ±10 
4.1  ± 0.1 
16.7±  0.05 

211  ±10 
4.0  ± 0.1 
1 6.65  ± 0.05 

;o2  ±10 

4.7  ± 0.2 
16.3±  0.03 

Taiu  3 


Integrated  cross  sections  (the  notation  used  is  defined  in  the  text) 


Rb 

Sr 

•«Y 

**Zt 

**Nb 

(T,  (MeV  • b) 

1.14  ±0.06 

1.42  ±0.07 

1.36=0.07 

1.26±0.07 

1.33=0.07 

OMl^ZA-* 

0.91 3 ±0.05 

1.09  ±0.05 

1.04=0.05 

0.95  ±0.05 

0.97  ±0.03 

<r.i  (mb) 

67  ±4 

80  ±5 

77  ±5 

71  5 

^5 

<r.,  (mb  - .MeV- ^) 

4±0.2 

4.6  ±0.2 

4.4  =0.2 

4 ,_0.2 

. S . .0.2 

Fm  (MeV) 

24 

27 

27 

26 

24 

( over ) 
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NATIONAL  BUREAUOF  S T A N C A H 3 S 


TOTAL  PHOTO  NCUTTXM  CDOSt.SCCTIOM 


E (HaV) 

I 

Fig.  6.  Total  photonculron  cross  sections  it,  of  Rb.  Sr,  **Y,  **Zr  and  *'Nb  and  best  one  Lorentc 
line  fit  corresponding  (o  parameters  given  in  table  I. 
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ref. 


R.F.  Barrett,  J.R.  Birkelund,  B.J.  Thomas,  K.S.  Lam,  and  H.H.  Thies 
Nucl.  Phys.  A210,  355  (1973) 


ELEM.  SVM. 


Sr 


38 


method 


REF.  NO. 


73  Ba  20 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANOK 

TYPE  RANOE 

G,N 

NOX 

THR-  27 

C 10-  27 

BF3-I 

4PI 

• 

- 

MEAN  NEUT  ENERGY 


H.  Baba  and  S.  Baba,  Japan  Atomic 
Energy  Research  Institute  report 
JAERI-1183  (1969). 

2 

H.  Baba,  Nucl.  Phys.  A159,  625 
(1970). 

15 

T.D.  Newton,  Can.  J.  Phys.  34, 

804  (1956). 


Fig.  12.  E.xperimental  values  of  the  level  density  parameter  a,  (Fermi  gas  formula  plus  pairing  cor- 
rection) versus  atomic  number  A.  The  continuous  curve  is  a least-squares  fit  to  the  data  of  a 
theoretical  calculation  from  Newton  * ^). 


too  1SO 

Atomic  Number  A 


200 


Fig.  IS.  Ratio  versus  atomic  number  A.  Here  a,M  is  the  level  density  parameter  taken  from 

the  neutron  resonance  work  of  refs.  and  a,  is  the  level  density  parameter  derived  from  the 
present  (y,  n)  work.  Filled  circles  represent  points  where  nuclei  in  the  neutron  resonance  and  in  the 
(y,  n)  experiment  were  the  same.  Open  circles  represent  points  where  the  respective  nuclei  were 
approximately  matched.  Triangles  represent  points  which  are  based  on  measurement  of  neutron 
mean  energies  at  two  bremsstrahlung  energies  only. 
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I Table  3 

Comparison  of  experimental  and  theoretical  data  on  nuclear  level  densities  with  Fermi  gas 
formulae,  and  comparison  of  nuclear  level  density  parameters  from  (/,  n)  and  n-resonance 

absorption  experiments 


Target 

N 

(residual 
nucleus)  *) 

Goodness 
of  fit*) 
no  with 
p.c.  p.c. 

£.(24)  T 

(MeV)‘)  (MeV)‘) 

(MeV-*)*) 

(MeV-*)') 

a^a. 

Tt») 

23 

8% 

1.93 

8.1-*’Ti 

6.41-*'ri 

0.79 

24 

8% 

25 

73% 

26 

5% 

27 

5% 

V) 

27 

100% 

1.96 

8.7-*®V 

6.35-*  *V 

0.73 

Cr 

25 

4% 

P 

G 

1.89 

8.6-»‘Cr 

6.9  -**Cr 

0.80 

27 

84% 

28 

10% 

29 

2% 

Mn 

29 

100% 
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Ni 
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(Z  - 28) 
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32 

1% 

33 

4% 

35 

1% 

• 

Cu 

33 

69% 

V.P. 

P 

1.78  l.O 

9.8-‘*Cu 

8.9<V-**Cu 

0.91 

35 

31% 

Zn 

33 

49% 

F 

F 

1.61 

10.5-‘**Zn 

10.0-‘»2n 

0.95 

35 

28% 
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4% 
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Se*) 

41 

9% 
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097 
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8% 

- 

43 

24% 

45 
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47 

9% 

Br 

. 43 

45% 

V.P. 

V.P. 

1.41 

14,5-^*Br 

12.69-*®Br 

0.88 

45 

49% 

Sr 

47 

10% 

F 

G 

1.31 

13.6-*^Sr 

1 1.4  -*’Sr 

0^ 

48 

7% 

49 

83% 

*)  Neutron  numbers  and  abundances  of  respective  residual  nuclei  in  (y.  n)  experiments. 

*)  These,  give  an  assessment  of  the  goodness  of  At  of  a calculated  £.  versus  £q  curve  to  the 
observed  data,  using  the  Fermi  gas  level  density  formula  both  without  and  with  pairing  corrections. 

‘)  Bremsstrahlung  photoneutron  mean  energies  £*  for  peak  bremsstrahlung  energy  £o  = 24  MeV. 

*)  Nuclear  temperature  from  fit  with  constant-temperature  formula. 

*)  Level  density  parameter  a,  derived  from  the  present  (y,  n)  experiment,  using  a Fermi  gas 
formula  plus  pairing  correction,  and  corresponding  residual  nucleus  (the  atomic  weight  shown  is 
the  weighted  average  of  atomic  weights  of  the  respective  isotopes  present). 

')  As  column  7,  but  using  data  on  n-resonance  absorption  from  refs.  ^). 

')  Measurements  of  £^(Ea)  for  these  nuclei  were  made  only  for  £o  = 21,  23  and  24  MeV. 
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Tauli!  III.  Parameters  of  giant-resonance  cross-section  curves 
for  (-/,«)  reactions  in  nuclei  near  50  neutrons.  Xuclldes  -:.\s'‘, 
4iN'b”,  and  4iRh‘“  from  reference  4, 4oZr”  and  4oZ:“  from  reference 
5 recomputed  in  present  work.  Neutron  number  is  shown  in 
column  2,  location  of  peak  cross-section  value  in  column  3.  peak 
cross-section  value  in  column  4,  half-height  width  of  curve  in 
column  5,  and  area  under  curve  from  threshold  to  23  .Mev  in 
column  6. 
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ACT- 1 

4PI 

ISOMERIC  RATIO 

The  method  is  developed  for  cilculitiow  of  the  isomeric  ratio  for  the  case  of  low  excitation  energy  of  the 
residual  nucleus,  and  the  isomeric  ratio  is  measured  in  the  |/i . 2ii ) and  (y,  n | reactions  in  the  neutron-deficient 
nuclei  '’’Mo.  ”Zr.  **Sr.  and  ’'Se.  The  good  agreement  between  the  experimental  and  theoretical  results  on  the 
|y,  n ) reaction  has  confirmed  the  reliability  of  the  characteristics  of  the  residual  nuclei,  the  transmission 
coefficients  of  the  emitted  neutrons,  etc.,  used  in  the  calculations.  From  study  of  the  {n,2n\  reaction  we  have 
obtained  values  of  the  parameters  of  the  spin  dependence  of  the  level  density  of  the  nucleus  in  the  excitation- 
energy  region  — 14  MeV. 


PACS  numberi:  I3.20L  y,  23.40.Cr,  27 JO.  e,  27.fiO.  + j 


TABLE  ni.  Isomeric  ratio  in  the  fy.ii)  reaction. 


TarfRi  muitus 

Fubb«hed 

«Mo 

1.34s0.t3 

US 

l.!»2=0,l.i  (Tni  (0) 
t.c3i‘(:i  (ici 
USaxiMir  I3l>l  1 1.>| 

"Zr 

1.49 

P.jilxll.lj  I3u)  (lv| 

n.iiteo.oi 

OM 

(i.GSxO.U  (3)>l  (lj| 

■•s# 

7.3xl.O 

UU  >> 

”ln  parentheses  we  have  given  the  values  of  the  brcmsstrah-  ' 
lung  maximum  energy. 

**In  the  calculations  we  used  the  ^Se  level  scheme  of  Ref.  2, 
f-=7/r  and 

’•In  the  calculations  we  need  the  level  scheme  of  ®Se  in  Ref.  3. 
and 
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FfO.  2.  Cross  sections  tor  the  (y,n)  reactions  in  strontium 
isotopes.  Full  curve  Sr*‘,  short  dashes  Sr*’,  long  dashes  Sr“.  The 
single  and  double  slosh  marks  on  each  curve  represent  the  locations 
of  the  (y,pn)  and  (y,2n)  thresholds,  respectively.  The  units  of 
the  ordinate  *»*  cm*. 


Taulp  III.  Farameters  of  giant-resonance  cross-section  curves 
for  (-,  ,»)  reactions  in  nuclei  near  50  neutrons.  XucUdes  ■;.'vs'\ 
and  i.',Kh‘“*  from  reference  4,  ,oZr**  and  <oZ.-*‘  from  reference 
5 recomputed  in  present  work.  Neutron  numoer  is  shown  in 
column  2,  location  of  peak  cross-section  value  in  column  o.  peak 
cross-section  value  in  column  4.  half-height  width  of  curve  in 
column  5,  and  area  under  curve  from  threshold  to  23  .Mev  in 
column  6. 
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I AHi.t  I . Summary  of  data  oh  {f,  p)  reactions  with  20  MeV  RiiEMsniiAMLUNa 


.Nuclide 

Pari-ni  Residual 

(Natural  (HalMife) 

atnindanre.  %) 

(MeV) 

Observed  r-ray 

Yield  determined 

Energy 

(MeV) 

Branching 
ratio  (%) 

Type  of 
muliipole 
transition 

pCi/mg*> 

Yield/mol- R 

»V(g 

(10.11) 

-•Na 

(15  hr) 

12.06 

1.37 

100 

£2 

1. 48x10-1 

l.7x  10* 

»Si 

(4.71) 

"Al 

(2..  27  min) 

12.33 

1.78 

100 

£2 

1.91 

2.8x10* 

»^i 

(3.12) 

"Al 

(6.56  min) 

13.59 

1.28 

93.8 

£2-i-Afl 

6.5lxl0-« 

l.5x  10* 

“Ca 

(2.06) 

••K 

(22.4  hr) 

12.17 

0.374 

85 

£2-»-Afl 

7.86XI0-* 

1.3x10* 

<»Ti 

(7.32) 

’•Sc 

(84.ld) 

10.47 

0.887 

100 

£2 

7.11x10-* 

3.1x10* 

•m 

(73.09) 

•’Sc 

(3.4d) 

11.44 

0.160 

100 

£2-1- Ml 

6.83xl0-« 

1.2x10* 

‘Ti 

(.3.46) 

•»Sc 

(I.8d) 

11.35 

1.31 

100 

£2 

4.40xl0-» 

5.8x10* 

MCr 

(9.. 35) 

«v 

(3.8  min). 

11.15 

1.43 

100 

£2 

5.0IX10-* 

6.6x10* 

»Fe 

(2.17) 

••Mn 

(2.58  hr) 

10.57 

1.81 

23.5 

£2+Mi 

8.10x10-* 

2.1x10* 

’•Ge 

(.36.74) 

”T,a 

(4.8  hr) 

10.92 

0.293 

97 

(£2) 

3.70X  10-' 

1.3x10* 

’=Se 

(7.58) 

’•As 

(26.5  hr) 

9.61 

0.559 

41 

£2 

I.48X  10-* 

1.3x10* 

•’Sr 

(7.02) 

••Rb 

(I9d) 

9.41 

1.08 

9 

£2 

3.15xlO-» 

9.9x10* 

inCd 

(12.26) 

"*Ag 

(3.2  hr) 

9.74 

1.39 

35 

£2 

1.91x10-* 

2.1x10* 

'”Sn 

(7.57) 

"•■In  (54 min) 

9.38 

1.27 

84 

£2 

9.80x10-* 

6.9x10* 

iiTBa 

(11.32) 

iisCs 

(13d) 

8.67 

0.830 

100 

£2 

t.68xl0-‘ 

2.2x10* 

‘"Hg 

(16.84) 

it»Au 

(2.7d) 

7.27 

0.412 

100 

£2 

8.43x  10-« 

2.2x10* 

a)  Th«  value  corrected  at  the  end  of  I hr  irradiation  (9.4  x iO*  R/min). 


Fig.  2.  The  yield  curve  for  the  (r.p)  reaction 
with  20  MeV  bremsstrahlun^. 
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Table  I 


Reaction 

Thres- 

hold 

(MaV) 

Energy 
Range  of 
Experiment 
(MeV) 

Observed  Peaks 

Peak 

Z.nergy 

(MeV) 

•r—  at  oeak 
CL-J  “ 

;,r.b/ ster. ) 

^”^Sr(7,n^) 

9.4-11.1 

(MeV-mb) 

®^Sr(7,n^) 

9.52 

10.5-11.1 

^^Zr(7,n^) 

7.19 

7.8-10.3 

9.1 

1.2 

20 

^No(7,n^) 

6.32 

7. 8-9.2 

8.1 

0.3 

3 

^^Cd(77iiQ) 

6.54 

7.4-9.3 

7.7 

0.9 

7 

^^Sn(7,n^) 

6.94 

7. 6-8.8 

7.8 

2.5 

20 

^^Sn(7,n^) 

6.43 

7. 1-9.0 

7.8 

1.6 

18 

8t 

The  'Sr  cross  sections  display  no  peaking.  The  ground  state  cross 

section  is  small  and  by  11  MeV  is  overwhelmed  by  the  cross  section  to  the  first 

86 

excited  state  of  Sr.  At  11  MeV  the  (7,n^)  cross  section  is  roughly  0.8 
millibarns  per  steradian,  and  is  order-of -magnitude  larger  than  the  (7,n  ) cross 

. o 

section,  and  conparable  to  the  extrapolated  giant  resonance  cross  section.  This 
general  behavior  is  not  unexpected  since  ^"^Sr  has  j'*=  9/2*  so  that  for  dipole 
absorption  the  emitted  groxind  state  neutrons  must  have  j^3* 


FORM  N3S>418 

(REV.  7-14.841 
USCOMM-NBS-OC 


/ 


PHOTONUCLEAR  DATA  SHEET  207 


U.S.  OEPARTMENTOF  COMMERCE 

NATIONAL  auRCAUOF  STANDARDS 


Yoshihisa  Watanabe,  Takeshi  Mukoyama 
Nucl . Sci.  Eng.  80,  92  (1982) 


CL  CM.  SYM.  A 


MCTHOO 


Sr 

NCF.  NO. 


87 


38 


82  Wa4 


egf 


dCACTION 

NCSULT 

eXCITATION 

CMCRGV 

SOURCE 

OETCCTOR 

ANGLE 

TV»C  HANOC 

G,G/ 

ABY 

1 

C 1 .3* 

ACT- 1 

4PI 

1=1.23  MEV,  *C0-60 


A photoexcitation  process  by  gamma  rays  from  a ^^Co  source  has  been  studied 
for  the  nuclei  of  ^^Sr,  I^^Cd,  l^^ln,  and  ^^^Lu.  The  induced  isomeric  activity  was 
measured  with  a Ge(Li)  detector.  The  flux  of  photons  scattered  into  the  target  has 
been  estimated  with  the  Monte  Carlo  method  using  the  single-scattering  approximation. 
From  the  observed  induced  activities  and  the  calculated  photon  flux,  the  integral 
cross  sections  for  isomer  production  by  photoexcitation  were  obtained  and  compared 
with  other  experimental  data. 


TABLE  II 


Integral  Cross  Sections  for  the  Isomer  Production  by  PItotoexcitation  (XIO***  em'  -eV) 


»’Sr 

'“Cd 

•»In 

‘^‘Lu 

Photon 

Source 

Reference 

Chertok  and  Booth 

0.6  ±0.2 

0.71  tO.23 

Bremsstrahlung 

5 

Booth  and  Brownson 

0.85:S;5 

1.15  ±0.4 

Bremsstrahlung 

6 

Boivin  et  ai. 

v-O-0.05 

3*4 

Bremsstrahlung 

7 

Lakosi  et  al. 

1D2±0.26 

1.05  ±0.27 

"Co 

11 

Yoshihara 

3.0  ±0.8* 

1.5  ±0.3 

2J  ±0.4 

69±  12* 
140  ± 30* 

"Co 

3 

Veres 

0.5  to  0.62 

0.8  to  1 .5 

0.9  to  5 

"Co 

23 

Present  work 

4.2  ±0.6*’ 
5.6  ±0.8' 

I.l  ±0.2 

3.5  ±0.2 

39  ± 27** 
48  ± 34' 

"Co 

Obtained  as  the  relative  value  to  “^In. 

*^ovided  that  the  partial  level  width  =1X10'^  e V. 
'Provided  that  the  partial  level  width  gF^  =1X10'*  eV. 
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Fig.  3.  Inelastic  angular  distributions  (observed  cross  section 
divided  by  Feshbaclc  point<harge  cross  sections).  The  results  of 
Hahn  tt  ai.  (reference  8)  for  Ca  and  of  Fregeau  and  Hofstadter 
(reference  11)  are  included  for  oompariaon. 


Fig.  6.  Comparison  of  typical  experimental  and  calculated 
squared  inelastic  form  factors.  Both  the  Sr  (1.85  Mev)  and  Mg 
(1J7  Mev)  are  known  to  be  2+  levels.  The  calculated  curves 
ate  for  a “smeared  j-function”  transition  charge  density  (see 
Sec.  V)  with  values  of  Jt/g  taken  from  the  elastic  results.  The 
abscissae  for  the  experimental  data  are  scaled  by  values  of  Ji 
taken  from  the  elastic  results  (Table  HI  (a)).  Shown  for  compari- 
son (upper  curve)  is  a squared  form  factor  calculated  from  a 
quadrupole  transition  charge  density  whose  radial  dependence  is 
constant  for  r<Ji,  zero  for  r>X.  This  would  give  a poorer  tit  to 
the  data  than  the  i-function  distribution,  indicating  that  the 
quadrupole  vibrational  mode  is  approximated  better  by  a trans- 
verse wave  in  an  incompressible  nuclear  fluid  than  by  some  sort 
of  a compressional  body  wave. 


Fic.  7.  Inelastic  “universal  curves.”  A composite  plot  of 
inelastic  data  from  Mg,  Si,  S,  Ca,  and  Sr  against  g.'i  >.  The  various 
form  factors  are  arbitrarily  normalized  to  minimize  the  spread  of 
points.  The  point  from  sulfur  and  the  point  from  silicon  which 
seem  to  deviate  from  the  “universal  curve”  are  assumed  to  contain 
undetected  ex™rimental  errors.  The  curves  Ial>eled  Mg(£2), 
Sr(£2),  Ca(£3),  and  Sr(£3)  are  calculated  for  electric-quad rupole 
and-octupole  transitions  using  the  “smeared  j-function”  transition 
charge  densities  of  Sec.  V,  and  are  arbitrarily  normalized. 
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TABtz  L ExperimenUlly  detennined  values  of  the  reduced 
nuclear  radiative  transition  probabilities  B{ELi  for  the  exdta* 
tion  of  a nucleus  to  a level  at  energy  £*  above  its  mund  state 
by  a transition  of  electric  character  and  multipolarity  L,  in 
units  of  where  1 cm.  The  last  column  gives 

B(ELt  in  single'particle  Weiaskopf  units  aconding  to  Eq.  (4). 


£• 

L 

B(fi0—  I) 
(«*F“) 

a 

(W.u.) 

1.84 

2 

St" 

990^50 

8.5 

2.74 

3 

80  600±3000 

25.0 

4.0 

2 

190di40 

1.6 

6.5 

(2) 

130d:30 

1.1 

(3) 

13000^3000 

4.0 

1.50 

2 

Y" 

120st50 

1.0 

1.73 

2 

140d;40 

1.2 

2.21 

3 

33  700:1;3000 

10.2 

2.52 

3 

37800^3010 

11.4 

2.86 

3 

32300^3000 

9A 

Fio.  S.  Distorted-wave  inelastic  cross  section  in  units  of  the 
Mott  cross  section  versus  momentum  transferred  to  the  Sr" 
nucleus  for  the  electric  quadrupole  excitation  at  1.84  MeV  and 
for  the  el^ric  Ktupoie  excitation  at  2.74  MeV.  An  incompres- 
sible and  irrotational  hydrodynamical  model  was  assumed. 
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Fig.  3.  Yield  curve  of  ®'^Rb(p.yo)®®Sr  at  90®.  The  pre- 
dicted resonances  (1|  are  shown  as  vertical  lines  whose 
heights  are  proportional  to  Tyg.  The  two  highest  lines 
have  been  suppressed  by  factors  of  5 and  13.  as  indi- 
cated. 
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FIG.  1.  Cross  section  of  The  vertical 

lines  show  the  theoretical  radiative  widths  of  IAS  from 
Ref.  S. 


Assumption  is  made  that  photoproton 
emission  leaves  the  residual  nucleus 
in  the  ground  state. 
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Fig.  1.  Energy  distributions  of  photoprotons. 

Vertical  broken  lines  and  solid  lines 
indicate  the  position  of  p^  corres- 
ponding to  the  ground  IAS  and  electric 
dipole  IAS  respectively. 
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Fig.  4.  Absolute  yield  for  **Sr(y,.T*)**Rb. 
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Fig.  7 (a):  Shell  model  diagram  of  *®Zr  and  **Sr. 

(b)  : Energy  dlstrlbuclons  of  ’®Zr(e,e'p). 

(c) :  Energy  dlscribuclons  obtained  from  difference 

method.  Residual  states  for  16.2  MeV  lAR  are 
shoun  by  arrows. 

(d) :  Energy  distributions  obtained  from  difference 

method  for  ®'Sr.  Residual  states  for  17.2  MeV 
lAR  are  shown  by  arrows. 


Fig.  11  The  (y.p)  cross  sections  of 
®*Sr  and  “*^Nd.  The  (Y.Po) 
and  (y,n)  cross  sections  are 
also  shown* 
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FIG.  1.  Th0  elastic  scattering  cross  soctloa  of  mono* 
chromatic  photons  on  **Sr.  The  different  symbols  rep- 
resent four  sets  of  experimental  data. 


INELASTIC  SCATTERING  CROSS  SECTION 
FOR  the  first  excited  STATE 


FIG.  2.  The  Inelastic  scattering  cross  section  for  the 
first  excited  state  of  "Sr.  The  different  symbols  repre- 
sent three  sets  of  our  experimental  data. 


CSnUATCO  total  photon  interaction  cross  SECTION 


FIG.  3.  The  total  photon-interaction  cross  section 
estimated  from  four  sets  of  elastic  scattering  data.  The 
dashed  curve  Is  an  extrapolation  of  the  (y,  n)  cross  sec- 
tion of  **Sr  measured  by  Lepetre  etal.  (Ref.  2).  The  sol- 
la  curve  is  an  extrapolation  of  the  ®*Sr(y.n)  cross  section 
of  Spicer  etal.  (Ref.  1).  Both  of  these  curves  weredrawn 
with  the  assumption  that  the  giant  dipole  resonance  can 
be  represented  by  a Lorentz  resonance  function.  The 
levels  predicted  by  Goulard.  Hughes,  and  FaUieros 
(Ref.  4)  are  shown  by  vertical  bars  with  values  of  the 
predicted  ground-state  radiative  widths  In  eV. 
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FIG.  5.  Taasie-model  fits  to  **Sr  2*  and  3”  form  fac- 
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TABLE  m.  Electron  scattering  form  factors  for  ’^r. 


Level 

Bicident 

energy 

(MeV) 

Lab  scattering 
angle 
(deg) 
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IFI* 
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deviation 

(%) 

Ground 
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110.5 
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0.6695x10"* 

1.2 

state 
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128.2 

0.919 

0.8558x10"* 

1.6 

0* 
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0.6633x10"* 

1.2 

80.86 

128.2 
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1.7 

80.95 

110.5 
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0.7 
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0.6 
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0.7 

53.46 
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0.1790 

0.6 

- 

45.42. 

128.3 

0.414’ 

0.3351 

0.5 

1.84  MeV 

120.85 

110.5 

... 

... 

• . • 

2* 

100.87 

128J! 

... 

... 

• e. 

101.17 

110.5 

0.834 

0,2953x10"’ 

4.7 

80.86 

128.2 

0.728 

0.5591x10"’ 

5.8 

80.95 
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0.7535x10"’ 

3.6 

67.07 
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0.7610x10"’ 

4.1 

60.48 

128.3 

0.543 

0.9175x10"’ 

3.1 

53.46 

128.3 

0.479 

0.8745x10"’ 

4.1 

45.42 

128.3 

0.406 

0.6099x10"’ 

4.6 

2.74  MeV 

120.85 

110.5 

0.994 

0.5636x10"’ 

4.1 

3" 

100.87 

128.2 

0.906 

0.8164x10"’ 

5.9 

101.17 

110.5 

0.830 

0.1086x10"* 

2.2 

80.86 

128.2 

0.724 

0.1139x10"* 

3.2 

80.95 

110.5 

0.662 

0.1048X  10"* 

2.9 

67.07 

128.2 

0.499 

0.7969x10"’ 

3.8 

60.48 

128.3 

0.539 

0.6788x10"’ 

4.7 

53.46 

128.3 

0.475 

0.4209x10"’ 

5.9 

45.42 

128.3 

0.401 

0.2373x10"’ 
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TABLE  V.  Reduced  traosltlon  probabilities  [B  (£!.)<]. 


Noclena 

Level 

3iEL)i  (Tassie  model) 
Weisskopf 

(«*  fm^)  units 

Prediction  of  mixed  model 
B(EL)t  for  “Y  3”  transitions 
Weisskopf 
(e^  fm‘)  units 

“Sr 

“Y 

2*.  1.84  MeV 
3",  2.74  MeV 

-2 

_ 1.51  MeV 
1 ,I>  >2 
1.74  MeV 

822.4±  23.8 

62  034  ±4015 

130.7±  17.57 

196.8±  13.89 

7.0±0.2 

19.3±1.2 

1.1±0.1 

1.7±0.1 

2JS1  MeV 

25  777  ± 2251 

7.8  ^.7 

24  836 

7.5 

2.52  MeV 

36  603  ± 2818 

11.1±0.9 

25  764 

7.8 

(f.O.-t'-a 

2.86  MeV 
(f,|-).L=2 
3.1  MeV 

50536  ±5000 
144.6±  11.66 

15.3±1.5 
1.2  ±0.1 

30160 

9.2 
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Table  5 

The  radiative  width  of  the  narrow  El  lAR  obtained  from  the  proton  group  in  the  proton  spectra 


Nucleus 


(MeV) 


(MeV) 


(MeV) 


r»  * pi  * 

(eV) 


2(T+1)^*^ 

(eV) 


2(T+1)^*^ 

* Up, 


(p,  yo) 
data  Fy 
(eV) 


*«Zr 


i«Y 


»*Sr 


14.5 

16.3 

16.3 

13.0 ‘) 

14.3  •) 
15.9*) 

17.1 

17.1 

17.3 
17.3 


6.0 

7.9 

6.3 

5.9 

7.3 
8.7 

6.5 

3.6 

6.7 
5.9 


0 a-) 

0 (J-) 
1.51  (f-) 

0 (0*) 

0 (0*) 

0 (0+) 

0 (D 
0.85  ((i-)) 
0 (i-) 
0.83  ((4-)) 


26 

74| 

52j 

13 

16 

42 

9.5 

4.9 

30 

18 


26  *) 
126 ') 

13 ‘) 
16") 
42  *) 

14  ') 

48  ‘) 


0.076 

0.26 


0.13') 
0.14') 
0.68 ') 


> 30*) 

> 60  ») 

13±3'') 

1I±2‘) 

40±8*) 


0.029 

0.094 


The  available  data  with  the  (p, /o)  experiment  are  shown  in  the  last  column. 

•)  The  errors  may  be  as  30%  (for  »®2r,  “Sr)  and  « 30%  (for  “Y)  including  the  uncertainty 
of  the  process  to  separate  the  proton  group. 

*)  Fpjr  =*  1 was  assumed.  * 

‘)  (^Po  +Ai)/7’  = 1 was  assumed. 

*)/*=>  4'^  was  assigned  as  shown  in  table  3. 

*)  /V  a was  assigned  as  shown  in  table  3; 

')  Correction  was  made  for  the  spectroscopic  factors  on  the  ground  state  and  the  excited  state 
with  the  data  of  the  (He*,  d)  and  (d,  p)  mactions  respectively. 

•)  Ref. 

*)  Ref.  •). 


Fig.  13.  Comparison  of  photoproton  cross  sections  of  **Sr.  (a)  Present  result,  (b)  Ref.  f).  (c),(d) 
Theoretical  estimates,  refs.  ‘ '•  ■*)  respectively. 
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ed.  K.  Shoda  and  H.  U1  (Research  report  of  Lab. Nucl.  Scl.  Tohoku  Unlv.  , vol.5,  1972)  p.343. 
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Fig.  16.  Angular  distributions  of  proton  groups  indicated  by  hatching  in  the  proton  spectrum  which 
is  summed  over  various  angles.  The  result  for  group  B is  compared  with  that  of  the  E,  » 7.9  MeV 

group  of  *°Zr  (dashed  line). 
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TABLE  L Compmrlaoa  of  the  angular  distribution 
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Fig.  3.  Differential  (y,  p)  cross  sections  at  0 = 90’  analysed  from  (e,  e'p)  cross  sections  by  the  least 

structure  method. 


Fig.  5.  Upper  figure;  open  circles,  a(y.  p);  closed  circles.  a(y.  a)  [ref.  *•)];  closed  points,  <r(y,  po) 
[ref.  **)];  solid  line,  Lorentz  line  fit  to  the  T<  region  of  a(y,  n)  (ref.  *•)];  dotted  line,  Lorcntz  line 
fit  to  the  r<  region  of  a(y,  p)  with  and  £■«  equal  to  those  of  a(y,  n).  Lower  figure:  ratio  between 
cross  sections.  Dotted  line:  constant  for  a(y.  p)ltr(y,  n)  determined  around  T<  CDR. 


Fig.  4.  Angular  distributions  of  protons  from  the  (e.  e'p)  reaction.  The  bombarding  energies  are 
21.5,  22  and  20  MeV  for  **Sr,  ’"Zr  and  respectively.  The  best  fit  curves  obtained  with  eq.  (7) 

are  also  shown. 
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Tabu  2 


The  parameters  of  the  angular  distributions  determined  by  the  least-squares  fits  with 
daldO  =»  i4[l-t-Jsin^fl(l— 


••Sr 

*"2r 

»*Mo 

«i(MeV) 

21.5 

22 

20 

A*) 

1 

2.04 

6.67 

B 

0.59 

0.69 

0.057 

P 

0.59 

0.47 

2.3 

*)  Relative  value. 


227 


F.R.  Metzger 

Phys.  Rev.  C T5_,  2253  (1977) 


METHOD 


CLEM.  SYM.  A 


Sr 


NCr.  NO. 


88 


38 


77  Me  5 


hmg 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETCCTOR 

ANGLE 

TV9C  AANCe 

GyG 

LFT 

1 

C 2-3 

SCD-0 

DST 

(2-2.31) 

[nuclear  reactions  ”Sr(y,Y),  brocisstraiilu.'.s  2.0  «2.CJ.  MoV;  mea-l 

i sured  a (96®)  and  ^(126®),  deduced  rCl.-'-IS).  Natural  target*  J 


1=1.836  MeV 


T.ABLE  □.  Summary  ot  experimenml  valuc-s  for  the 
vidth  of  t!-.e  1.33G-MeV  2*  level  in  °®5r. 

Method  Ref-  1-536  (meV) 


(y.-y),  ®*Rb  source  6 

Coulomb  excitation  ^ 

Coulomb  excitation  9 

ie.e’)  5 

ie.y)  8 

ie,e’)  13 

(y,y),brems3tralilung  This 

paper 


4.3  ±1.0 

6.7±3.0 

3.3±0.5 

4.7  ±0.3 

3.33  ±0.17 

2.76±0.0S 

2.94±0.15 


roHM  NSS-4II 

incv.  7.I4.S4I 
USCOMM-NSS.OC 


PHOTONUCLEAR  DATA  SHEET  228 


U.S.  OCPARTMCNTOF  COMMERCE 
NATtONAl.  BURCAUOF  STAnOAROS 


G.  Isoyama,  T.  Ishimatsu,  E.  Tanaka,  K.  Kageyama,  N.  Kumagai 
Nucl.  Phys.  A342,  124  (1980) 


«er. 


CLEM.  SYM.  A Z 


METHOO 


Sr 


88 


38 


HEE.  NO. 

80  Is  1 


hg 


REACTION 

RESULT 

EXCITATION 

ENEROY 

SOURCE 

detector 

ANGLE 

rv»C  MANGC 

TVPC  IRAN6C 

G ,G 

LFT 

6-8 

C 14 

SCD-0 

DST 

Abstract:  The  resonant  scattering  of  bremsstrahlung  v-rays  by  a SrCO,  target  has  been  studied  for  y-ray  BML,  SIX  SPIN  1 STATES 
energies  of  S-l  1 MeV.  Six  '/-transitions  of  energies  between  6-8  MeV,  which  indicate  six  resonant 
states  in  **Sr,  were  observed.  The  relative  intensities  of  the  resonantly  scattered  '/-rays  at  12S  and 
150”  were  found  to  be  compatible  only  with  the  assignment  of  spin  I to  the  six  states.  Radiative 
widths  of  the  resonant  states  were  deduced.  The  possibility  that  these  sutes  are  components  of 
the  giant  Ml  resonance  in  *'Sr  is  discussed. 


NUCLEAR  REACTIONS  '*Sr('/,  •/),  £ » 14  MeV  bremsstrahlung;  measured  £,,  7^(5). 
**Sr  deduced  levels,  J,  Natural  targets. 


Table  2 


Summary  of  the  experimental  results 


Level  energy 
(MeV) 

R 

J 

r*) 

(eV) 

fl(Ml;  1*  - O*)”) 

To') 

(eV) 

6.21  S 

1.45  + 0.29 

1 

1.81  ±0.22 

0.65 

3.0  ±0.4 

6.335 
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1 
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0.96 
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1 
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7.537 

1.18+0.42 

1 
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0.26 
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1 

2.53^0.45 
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1 
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*)  Deduced  on  the  assumption  of  100  ground-state  decay. 
”)  Deduced  on  the  assumption  of  positive  paritv. 
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Abstract.  The  unknown  parities  of  five 
strong  dipole  states  between  6 and  8 MeV 
in  ®®Sr  are  shown  to  be  negative. 


POL  INCOMING  PHOTONS 


Fig.  1 . Observed  asymmetries  for  five 
ground  state  dipole  transitions  in  38sr 
and  for  the  2*  transition  at  6917  kev  in 
16o.  The  energies  for  the  38sr  states 
were  taken  from  121 . The  hatched  band 
represents  the  expected  asymmetry  for 
states  with  positive  parity  (upper  part) 
and  negative  parity  (lower  part) 
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Abstract:  Gamma-ray  spectra  from  neutron  capture  in  natural  >amplci  of  strontium  and  yttrium  have 
been  recorded  at  various  angles  with  respect  to  the  direction  of  the  incident  neutron  flux.  Angular 
yields  have  been  observed  at  six  neutron  energies  in  the  range  7 to  1 1 MeV  using  time-of-flight 
techniques  to  improve  the  sigaal-to-background  ratio.  The  /-radiation  was  detected  by  a large 
Nal(TI)  crystal  placed  in  a heavy  radiation  shield.  Certain  combinations  of  Legendre  polynomial 
coetTicients  were  extracted  for  transitions  to  low-lying  single-particle  states  (2d,,j  and  3s,  ,)  in  the 
final  nuclei.  The  energy  dependence  of  the  angular  distribution  coetficients  indicates  interference 
between  the  electric  dipole  amplitude  and  amplitudes  of  opposite  parity.  The  results  are  compared 
with  theoretical  calculations  based  on  the  direct-semidirect  model. 


Fig  2.  .Angular  distribution  coefficients  .!/,  and  rj,  versus  neutron  energy  for  the  reactions  ’*Sr(n,  /o)  *Sr 
(open  circles)  and  ""Y(n.  Vo  + V,)“'’Y  (crosses).  The  curves  for  the  .V,  coefficient  represent  the  result  ^ 
theoretical  calculations  for  El  transitions  to  the  2d,  j state  in  “’Sr  from  the  direct  (solid  line)  and  DSD 

(dashed  line)  capture  models. 
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Fig.  3.  Angular  di:>tribution  coefTicients  V,  ar.J  V.  versus  neutron  energy  for  y-rays  to  the  3s,  j states 
from  the  reactions  ’*Sr(n.  ■/)’'*Sr  (open  cir>.!cM  and  ''*Y(n.  v)‘*°Y  (crosses).  The  theoretical  result  for 
DSD  model  calculations  are  shown  as  dashed  curve  for  pure  El  transitions  and  as  solid  curves  assuming 
E!  and  E2  transitions  associated  wi;h  vullective  e.xcitation  of  the  CiDR  and  the  isosclar  CQR. 
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"The  rare  earths  perplex  us  in  our  researches , 
baffle  us  in  our  speculations ^ and  haunt  us  in  our 
very  dreams.  They  stretch  like  an  unknown  sea 
before  us,  mocking,  mystifying , and  murmuring 
strange  revelations  and  possibilities 


Yttrium  was  discovered  in  1794  by  the  Scandinavian  { 

chemist  Johan  Gadolin  (1760-1852)  and  was  named  /\=39 

after'  the  small  town  of  Ytterby,  Sweden  where  the 

ore  was  found.  It  always  occurs  with  the  other 

rare  earth  elements  and  is  very  similiar  to  them 

in  both  chemical  and  metalurgical  respects.  In 

1843  Carl  Gustav  Mosander  (1797-1858)  showed  that 

yttria  from  which  all  the  ceria,  lanthana,  and 

didymia  had  been  removed  contains  at  least  three 

other  rare  earths.  These  are:  a colorless  oxide, 

for  which  he  kept  the  name  yttria;  a yellow  earth 

erbia,  and  a rose  colored  ore,  terbia.  These  were 

all  seperated  by  fractional  precipitation  with 

ammonium  hydroxide. 


(1)  Quotation  from  Sir  William  Crookes. 
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Method 


24  MeV  betatron;  250  r Victoreen  in  3.75  cm  Lucite;  neutron  detector 


Ref.  No. 
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Notes 
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Bremss 

24 
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Fig.  1.  Cross  section  for  the  (y,»)  reaction  in  Y",  calculated 
from  the  jacld  data,  at  an  intermediate  stajtc  of  the  smoothini; 
process  (see  text).  The  vertical  lines  through  the  calculated  points 
show  the  rms'uncertainty  in  the  cross-section  values,  produced 
by  the  statistical  uncertainty  of  the  recorded  counts  of  the  raw 
yield  data.  Other  sources  of  errors,  and  the  partial  smoothing 
already  done  have  been  ignored  in  calculating  these  uncertainties. 
The  arrows  along  the  abscissa  indicate  the  thresholds  for  emission 
of  the  particles  indicated  by  the  labels  therewith.  The  units  of  the 
ortlinatc  are  cm*. 


Taule  III.  Parameters  of  giant-resonance  cross-section  curves 
for  (v,h)  reactions  in  nuclei  near  30  neutrons.  Nuclides 
»iNb”,  and  4,sl<h‘“  from  reference  4,  .oZr^  and  from  reference 
5 recomputed  in  present  work.  Neutron  number  is  shown  in 
column  2,  location  of  peak  cross-section  value  in  column  3,  peak 
cross-section  value  in  column  4,  haif-height  width  of  curve  in 
column  5,  and  area  under  curve  from  threshold  to  23  Mev  in 
column  6. 
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Nuclear  Reactions  at  Low  and  Medium  Energies  (Academy  of  Science, 
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Fio.  2.  Cross  section  as  a function  of  encr(;y  for  formation  of  the 
isomeric  state  of  Y". 
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Taou  L Summary  and  compariMn  of  neutron  separation  energies  inferred  from  present  threshold  measurements  with  values  predicted 
from  mass  data  and  reaction  energies.  All  energies  arc  expressed  in  the  center-of-mass  system  in  Mev. 
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Vanadium 

2451 

;i±c.05) 
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0.21 
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Chromium 

1C4( 
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0.0*1  ±0  04 
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4.03 
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ManganeM 
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;.».07±0  03 
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7 61 

0.25 
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Iron 

2001 

1S:0.03) 

O.f  oiiO  04 

—0.17=0.03 

4.94 

0.18 

Oil 

Cobalt 

390(ldc0.02) 

O.C8±0  03 

22=0.04 

0.26 

0..’5 

Nickel . 

1431 

[1±0.05) 

0.0"  =0.07 

-0.23=0.0? 

\j . 0^ 

0.12 

0.12 

Copper 

Arsenic 

3471 

[1^0.02) 

0.0£=0..03 

-0.29=0. 0*1 

0.30 

0.12 

4821 

[1±0.03) 
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-0.24=?. 05 
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0.33- 

0.15 

Rubidium 

6381 

[1^0.03) 
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Strontium 
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IdbO.lO) 

0.03='.;  i2 
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0.S7 
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500  ( 
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1.42 

O.US 

Iodine 
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0.04=0.04 

-0.29=0.05 

27.99 

3ar?un» 

10481 

ldbO.04) 

0.10=0.00 

-0.38=0.03 

25.89 

15051 

1±0.02) 

0.02=0.03 

-0.  '-2=0.04 

39.40 

1.04 

0.15 

C3tiru 

1310  ( 

ld±0.03) 

0.03=0.00 

-0.30=0.08 

32.50 

7052  ( 

IStO.OS) 

0.04=0.10 

—'j.  3-;  =0.13 

40.80 

^sialum 

1558 

!ld:0.02) 

0.04=0.03 

- 0.22 04 

38.48 

2.50 

0.C6 

IViriaititi' 

hmuarf 

Lead  ^ 

1305  < 

ldKI.02) 

0.07=0.03 

-0.21  =5. 04 

33.71 

13451 

l:fc0.03) 

0.04=0.03 

-0  31=0.04 

33.22 

2.72 

C.03 

22741 

IrbO.On 

0.02=0.02 

-0.42=0.03 

56.17 

Bianwth 

2102 

1^0.02) 

0.05=0.03 

-0. ‘la  =0.04 

53.40 

3.36 

0.06 

Thorrtmi 

3031 

IdtO.OO 

0.00=0.05 

-0.32=0.07 

74.87 

Uranium 

4030  ( 

\l±0.02) 

0.05=0.03 

-0.17=0.04 

114.36 

• S.47X10'  M aiOBhafa-iitairaa.  Emn  an  ataadard  ttnn  dua  to  count;n:  uaiiitlcs  onlr- 
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Ref.  No. 

62  Re  1 


EGF 


Reaction 


E or  AE 
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<7d  E 


J 


Notes 


Bremss. 

55 


F igure  11:  Dotted  curve  is  of  form 

2 2 

+ a^^cosS  + a^cos  9 + a^cos  9 - 
2 

a.  cos  9;  solid  curve  is  of  form  a + 
i o 

2 

a^cosS  + agCos  0;  errors  on  points 

are  statistical  errors  in  counting 
only. 


Table  2 


Parameters  of  the  fit  (1)  for  the  expressions  cos  fl-i-a,  cos®0,  a+6  sin’0-rc  cos  fl  and 

•■i  0 + W I -Pj  + I Pj 


Bid) 

Bi(2) 

Pr 

.4u 

Y 

Ho 

La 

a» 

1.00±0.02 

1.00±0.02 

1.00±0.02 

1.00i0.02 

1.00  = 0.03 

1.00i0.02 

1.00-1-0.01 

«i 

0.13  = 0.03 

0.1Si0.04 

0.17  = 0.04 

0.14i0.03 

0.17i0.06 

0.12  = 0.03 

0.14  = 0.03 

—a. 

0.47^0.06 

0.40i0.0S 

0.41=0.00 

0.21  = 0.07 

O.lSiO.ll 

0.34  = 0.08 

0.39-1-0.06 

0.18±0.04 

0.21  = 0.03 

0.20:^0.05 

0.13  = 0.04 

0.18=0.001 

0.14=0.04 

0.16  = 0.03 

0.37^0.03 

0.31^0.06 

0.32^0.07 

0.13=0.03 

0.11=0.08 

. 0.26  = 0.03 

0.30  = 0,04 

a 

0.53i:0.06 

O.GO— 0.08 

0.30  = 0.09 

0.79=0.07 

0.85  = 0.11 

0.66:i;0.06 

0.61  — 0.06 

b 

0.47  i 0.06 

0.40  = 0.08 

0.41  = 0.09 

0.21  = 0.07 

0.13=0.11 

0.34=0.06 

0.39  — 0.06 

c 

0.1S±0.03 

0.18  = 0.04 

0.17=0.04 

0.14  = 0.03 

0.17i0.06 

0.12  = 0.03 

0.14^:0.03 

•)  Renormalized  so  that  .-lo  = 1 

Table  4 

Parameters  of 

the  tit  (3) 

for  the  expressions  a^-r 

COS  0-i-aj 

cos  -9  — a,  cos 

A^P,-A,P, 

Bid) 

Bi(2) 

£>r 

.\u 

Y 

Ho 

La 

“o 

1.0l  = '».02 

1.00  = 0.02 

l.\/i  1—0. 

0.98  = 0.02 

1.00  = 0.03 

1.00  = 0.02 

1.01=0.02 

3l 

0.10  = 0.05 

0.17  = 0.07 

0.21=0.07 

0.07  = 0.00 

0.  lt>  — O.v/ii 

0.12  = 0.05 

0.17  = 0.05 

-aj 

0.56  = 0.11 

0.37^0.15 

0.50  = 0.16 

0.05  = 0.12 

0.13  = 0.20 

0.33=0.12 

0.47  = 0,11 

-0. 17^0.18 

0.05  = 0.24 

— 0.17  = 0.25 

0.31±0.19 

0.05=0.32 

0.03  = 0.19  - 

0.17  = 0.17 

1 0.11  = 0.15 

0,23  = 0.18 

0.13  = 0.20 

0.27  = 0.13 

O.20i0.22, 

0.15^0.14 

0.09  = 0.13 

— i.*; 

1 0.45^0.00 

0.28  = 0.11 

0.30  = 0.12 

0.03^0.03 

0.09  = 0,14 

0.24  = 0,09 

0.37=0.09 

1 —0.03=0.09 

0.02=0.11 

-0.08i0.12 

0.13  = 0.03 

0.02  = 0.13/  0.01=0.08  - 

■0.08  = 0.08 

*)  Renormalized  so  that  A,  = I 
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,88 
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Table  1 

Summary  of  experimental  threshold  observation  for  Y**(y,  n) 


Threshold  observed 

Threshold  energy 
(MeV) 

Ground  state 

11.55  -i-O.lO 

Excited  state 

11.947-^0.039 

Ground  state  (computed)* 

1 1.554^0.039 

Ground  state,  corrected  for 

extrapolation  error" 

11.539±0.039 

a)  Ground  state  threshold  obtained  by  combining  energy  of  excited  state  (393  keV)  with  observed 
excited  state  threshold. 

b)  An  extrapolation  error  of  15  keV  exists  in  the  (y.  n)  threshold  determination  when  the  energy 
calibration  is  based  on  a resonance  observation  (see  text). 
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NVB 


RESULT 

EXCITATION 

SOURCE 

detector 

REACTION 

ENERGY 

TYPC  RANQK 

TVPC  RAN6C 

ANGLE 

G,G/ 

RLY 

1 

C5 

ACT- 1 

i+PI 

(0.92) 

. — 

Table  II.  The  isomers  observed 


Isomer 

Observed  value 

Referenced  value*”*’* 

Half-life 

Energy  (MeV) 

Half-life 

Energy  *;MeV) 

Se-77m 

17.5  sec 

0.160 

17.5 

sec 

0.161 

Br-79m 

4.80  sec 

0.209 

4.8 

sec 

0.208 

Sr-87m 

2.3  hr 

0.390 

2.8 

hr 

0.388 

Y-89m 

13.0  sec 

0.920 

14 

sec 

0.915 

Rh-103m 

38  min 

A 

57 

min 

0.040 

Ag-107m 

1 

44 

sec 

0.094 

Ag-109m 

r 42  sec 

[ 0.95 

40 

sec 

0.088 

Cd-lllm 

47  min 

0.150,0.233 

49 

min 

0.150,0.247 

In- 115m 

4.3  hr 

0.335 

4.5 

hr 

0.335 

Sn-117m 

17  day 

0.160 

14 

day 

0.139,0.161 

Ba-137m 

2.6  min 

0.660 

2.6 

min 

0.662 

Er-167m 

2.:  10  sec 

0.209  . 

2.5 

sec 

0.208 

HM79m 

18.3  sec 

0.157,0.215 

19 

sec 

0.161,0.217 

W-183m 

3.4  sec 

0.200,0.170,0.115 

3.5 

sec 

0.1025,0.2915  others 

Ir-191m 

4.90  sac 

0.129,  <0.07 

4.9 

sec 

0.042-0.129 

Pt-195m 

4.3  day 

0.065** 

4.1 

day 

0.031-0.130 

Au.l97m 

7.0  sec 

0.10,0.27,0.40 

7.2 

sec 

0.130,0.270,0.407 

Hg-199m 

43  min 

0.160,0.370 

42 

mio 

0.158,0.368 

• This  isomer  was  measured  with  a G-M  ilow  counter. 
•*  This  value  corresponds  to  Pt-K  X-ray  er.crsy. 


Table  III.  Induced  activation  rate 


Element 

Beam 

energy 

(MeV) 

Counting  rate 
( X 10000  cpm) 

Sample  form 

Se 

5 

1300 

metallic  pellet 

Br 

4 

1600 

NaBr  grain 

Sr 

6 

0.3 

SrCOj  powder 

Y 

5 

90 

metallic  grain 

Rh 

5 

(0.21* 

RhCli  grain 

-^g 

5 

180 

metallic  plate 

Cd 

« 

0.5 

CdCli  .^rain 

Cn 

6 

8 

metai::r  -late 

Sn 

s 

0.0005 

metallic  plate 

Ba 

5 

0.6 

BaS  puwei-r 

Er 

1 

4900 

Er-Os  powder 

Hf 

5 

1600 

metallic  plate 

W 

5 

120 

metallic  powder 

Ir 

5 

2100 

metallic  pov/der 

Pt 

5 

0.3 

metallic  plate 

Au 

4 

4300 

metallic  plate 

Hg 

6 

0.09  } 

metallic  liquid 

U.S.  OEPARTMENTOF  COv.'r^cs 
NATIONAL.  SURCAUOF  ST.I  ~ i.  - s. 
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NVB 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  range 

G,G/ 

ABX 

0-1 

D 0-1 

NAI-D 

ISC^MERS 


TaSJiHua  II 


MsMepcHHue  3Ha>ieHH5i  nocne  oo.nyMeHii<i,  cpaBHHBaeMue  c apyriiMH  .nirrepaTypHbunt 

AaHHbIMII 


BjicMeirr 

AKTMIHOCTh 

OftnyVCHHA 

nocne 

Akthbm. 

DKcrpn. 

% 

KOH40 

JlyreparypHue 

oaMHwe 

AaHHuc 

HSMCpCHHil 

am 

^ym 

(10-^) 

nepBoro 

KSMepeHNR 

(MMn/MHH.) 

oanyM. 

(hmh/ 

MMH.) 

T,i, 

E 

(KM) 

T,l. 

E 

(KM) 

(I0-«CM*) 

Se-77tn 

3842±96 

5400 

17,5  CCK. 

160 

18,1  ±1  CEK. 

160±10 

9,5 

1,75 

Sr-€7m 

191  ±5 

200 

2.8  R. 

390 

2.9±0,1  M. 

365±25 

0,85 

0,2 

y-89m 

96±20 

170 

16  ceK. 

910 

16,7±5  CEK. 

0,08 

0,02 

Rh-103(n 

28±5 

31 

57  .MHH. 

40 

58±2mhh. 

20,5±0,5 

0,08 

0,01 

Ag-lOTm 

220±14 

250 

44ceK. 

93 

43,8i;0,6  CEK 

91  ±10 

0,8 

0,2 

Ag-109m 

39  CEK. 

88 

. 

HM79m 

80±18 

155 

19  CCK. 

160; 

215 

19  ±2  CEK. 

1 

0,2 

Ir-191m 

90±20 

250 

4,9  CEK. 

42; 

130 

5±2  CEK. 

5,6 

1 

Pt-195m 

90±9 

100 

3»5  A* 

31; 

100; 

130; 

3,5±0,2fl. 

32±3 
67,5  ±5 
96±5 
130±10 

0.2 

0,04 

Au-197m 

240±16 

520 

7,2  CEK. 

130; 

277; 

407 

7,2±1  CEK. 

68:130: 

280±20 

390x20 

0,07 

0,01 

Hg-199m 

9,6±3,2 

42  MHH. 

160; 

370 

0,005 

0,001 

Ai$m  Phfu  tfiwif.  r««.  XVI,  J* 
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ENERGY 
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DETECTOR 
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D THR-28 

BF3-I 

/PI 

G,2N 

ABI 

THR-28 

D THR-28 

BF3-I 

ZPI 

TABLE  1 


Integrated  Cross  Sections  for  Zirconium  and  Yttrium 


Isotope 

Eaus 

a a /(7m  dE 
(MeV  - barns) 

Enas 

t>=  f(Jrt,dK 

(MeV  - barns) 

h/a 

E.U 

(MeV) 

••Zr 

0.980 

0.108 

0.110 

28 

*'Zr 

1.078 

0.202 

0.187 

30 

"Zr 

1.098 

0.447 

0.408 

28 

**Zr 

1.041 

0.577 

0.554 

30 

••r 

0.991 

0.095 

0.098 

28 
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METHOD 

Betatron 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPC  PANGS 

TYPE  PANGS 

Gf2N 

RLY 

THR-  280 

C 150.280 

ACT- I 

4P1 

Measured  isomeric  yield  ratios. 


T-vdi£  IV.  Summary  of  the  results  for  the  photoproduction  of 
the  Y”  isomers  (spins  J and  j). 


Target  isotope 
and  spin 

Bremsstrahlung 
energy  (MeV) 

Fraction  of  yield  to 
high-spin  isomer 

II 

3 

> 

150 

0.42i0.03 

2S0 

0.42=0.03 

Nb“  (/-I) 

150 

0.71=0.13 

280 

0.69±0.13 
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EXCITATION 

SOURCE 

detector 

REACTION 

RESULT 

ENERGY 

TYPE 

range 

TYPE  RANGE 

ANGLE 

G,N 

i 

ABX 

THR-28 

0 

THR-28 

BF3-I 

4PI 

G.2N 

ABX 

THR-28 

0 

THR-28 

BF3-I 

4PI 

Tanix  IV.  Integrated  c 

ross  sections. 

F|»»C(T,R)+(T,^R)3  EymmM  9l„,(y,2n)  0.06XZ/A  ! 

Xucltfu*  (MeV-J»)«  (McV-l>)«  (McV) yi.tO,  totai)^ (McV-b) (McV-h)  


Y» 

0.94 

O.IO 

28 

O.IO 

1.14 

1.31 

Zr»» 

0.96 

O.IO 

28 

0.09 

1.16 

U3 

Zr“ 

0.88 

0.20 

30 

0.19 

1.22 

1J5 

Zr* 

0.65 

0.45 

28 

0.41 

1.23 

1.36 

Zr“ 

0.43 

0.58 

30 

0.56* 

IJ2 

U8 

• All  measured  Intecratcd  cro*s-«ction  values  are  given  for  an  energy  region  from  threshold  to  1Lym^%.  For  the  Zr«  and  /r*»  cases,  it  was  newssary  to 
extrapolate  the  lov^energy  part  of  the  total  photoneutron  cross  section  down  to  threshold:  the  error  introduced  in  this  process,  however,  is  less  than  0.5%. 

^The  word  **total**  In  this  ubie  refers  Co  the  total  photoneuuon  cross  section  #(C7.M)'f<T>^»)  + (7*2a)+(7fin>j,  and  excludes  the  (7f7)  and  (>,>) 
cross  sections* 

• Tbi«  vatu*  ineludei  Uw  contribution  o(  which  equmta  0.03  M*V>b  from  thrcahoki  to  30  McV. 
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Fig.  8 (a)  Total  photoneutron  cross  section  + 

+ (7,2»)  J for  V“.  The  solifl  curve  is  a Loren tz-line  fit  to  the  piant- 
resonance  data  (14  to  19  ^IeV^  The  thresholds  (arrows),  except 
uhen  otherwise  noted,  are  from  Kef.  10.  In  this  case,  the  (y,2n) 
threshold  is  taken  from  the  data,  fh^  ,Sin(?le  photQpeutron  cross 
section  FC('/''’’)'T(7./Rij  f°f  V'*.  The  dashed  line  represents  the 
maximum  possible  s)'stcmalic  error  owing  to  the  uncertainty  in 
the  normalization  constant  for  the  bremsstrahlung  subtraction 
fsee  text;,  (c)  The  (7,2>ii  cross  section  for  Y*.  The  threshold 
determination  of  20.8±0.1  MeV  determines  the  mass  of  Y*' 
fsee  text).  The  threshold  value  is  taken  from  the  data.  The  cross- 
section  scale  has  been  doubled  for  clarity. 
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HMG 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

E,E/ 

FMF 

2-3 

d'  225 

MAG-D 

DST 

(2.2) 

G- WIDTH.  J-PI 


Table  II 


Abaolute  differential  croaa  section  for  inelastic  scattering  of  electrons  with 
energy  225  ± 1 MeV  by  Y“  with  excitation  of  levels  at  2.5  ± 0.2  MeV 


0. 

deg 

Cross  section. 
cm*/sr 

0. 

deg 

Cross  section, 
cm*/sr 

0, 

deg 

Cross  section, 
cm*/sr 

35 

(3.l5±0.33)-10-*» 

50 

(2.44±0.09).10-» 

80 

(3.34±0.21)-10-*» 

35 

(3.77±0.28)-10-»  1 

50 

(2.28±0.23).10'» 

82 

(3.40±0.23)-10-*» 

40 

(1.26±0.06).10"» 

52 

(2.45±0.14).t0*» 

84 

(2.97±0.22).10-** 

44 

(7.72±0.31)-t0-» 

55 

(9.13±0.28)*10-" 

86 

(2.42±0.18).10-** 

46 

(5.05±0.18)-10-»  1 

60 

(4.48±0.55)‘10-« 

88 

(1.94±0.15)-10-*» 

48 

(4.74±0.18)-10-*»  1 

65 

(2.12±0.19)-10-n 

90 

(1.68±0.l5)-10-*» 

48 

(2.59±0.12).10-» 

78 

(4. 32 ±0.32)  to  ** 

95 

(1.46±0.18).10-** 

Fig.  4.  Squared  form  factor  as  a function  of  momentum  transfer 
for  the  2.5  — 0.2  MeV  inelastic  peak  of  Y"*.  The  curves  are  calcu* 
lated  in  the  Bom  approximation  for  different  values  of  transition 
multipolarity  A. 
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Table  1 


Direct  and  absorption  measurements  of  resonance  fluorescence 
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(MeV) 

J, 

rjr 
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(meV) 

Error 

(%) 

This  worlc 
(meV) 

Other  worlc 
A 

“Mn 

0.000 

i- 

1.527 

(}-) 

0.9 

5.2 

25 

8-12 

abs  •) 

40 

8.0 

1.884 

0.82  ■>) 

41 

25 

SQIgW 

ubs  a) 

10 

SSIg 

2.197 

(0.8)  «) 

17 

25 

llIgH' 

abs 

20 

nig 

2.252 

7 

(0.9)  «) 

17 

25 

l9lgW 
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7 
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(2-6)r/A 
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*» 
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501 g IV 

abs  •) 

20 
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6.unr,)igiv 
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25  a) 

9.6 
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«Ga 

1.551 

1.7 

37 

{\j-i.5)nr. 

0.KE2)*) 
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0-) 
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1.1 
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»Y 
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*> 
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3.6  rig 

0.000 

1.51 

t” 
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52  a) 
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0.37(E2)') 
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15 
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*)  Measured  with  NaL 
»)  Ref.“). 

®)  Measured  with  a Ge(Li)  detector  to  ±10%. 
'•)  Ref.  »*).  0)  Ref.  “).  ')  Ref.  “). 
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2 

Y" 
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10.2 
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• 3 
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11.4 
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3 
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94 
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Fro.  6.  Distorted-wave  inelastic  cross  section  in  units  of  the 
Mott  cross  section  versus  momentum  transferred  to  the  Y* 
Ducljra  for  electric  octapole  (solid  lines)  esdutions  at  2.21,  2.52. 
tnd  2.86  McV.  An  incomprestiblc  ud  iirotndoiud  hydrodynamicAi 
model  was  assumed.  For  comparison,  curves  are  shown  for  electric 
quadrupole  esdtationa. 
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component  of 

J" 

i2j^i)T,r.jr 

(MeV) 

resonance 

(aV) 
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-V*- 

14—5 

7.00  *) 
7.07  *) 

(ds) 

(r)  1 

(13  = 5)  i) 

7.51 

dl 

i* «) 

17  = 0 

»)  Ref.»). 

*)  Ref.'). 

')  Present  work. 
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r 
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(27'o  + l)T’y^A.p. 

. 1.031 

6.10 

s* 

0.96  *)  70  ») 

46  *) 

11=4  1.66 

0.08 

1.931 

7.00 

d(T) 

0.30  »)  50  ») 

11  *) 

2.000 

7.07 

0.60  *)  50  ■■•) 

23  ») 

7 = 3 3.32 

0.03 

2.455 

7.51 

0.3  •>)  60  i>) 

IS  -) 

14=5  3.S6 

0.05 

*)  Ref.*). 

'‘)  Ref.**) 

. °)  Calculated  lutng 

mouel  wave  functions.  See  text. 
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Gamma-ray  angular  distribution  results 


lab  £p 

(.MeV) 
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i<KCHERCHEd'ETATS  QUASI- UES  ANALOGUES  2p-2h  dans  U RESONANCE  CEANTE  de  Y®’ 

R.  BERGERE.  P.  CARLOS.  A.  VEYSSIERE.  H.  BEIL  - CEN/Saclay  - FR  ANC  E -(91) 

Nous  avona  etudid  avec  des  ^ monochromatlques  lea  reactions  Y (I'.ajet  Y Les  rdsul- 

tatsd^;«  et  a fortiori^  « t^^montrent  sans  ambtgultd  le  dddoublement  de  la  rdsonance  geante 
deja  signald  par  RI—Berman  dans  cette  meme  region  de  masse  (Phys.  Rev.  169,  1967,  1098).  On 
peut  reprdsenter  entre  13  Mev  et  22  Mev  la  section  efflcace  photoneutronique  totale^par  une 
somme  de  deux  rales  de  Lorentz  ayant  respectivement  les  parametres  : E^  = 16,57 Mev  ; 

Pj  = 4, 25  Mev  : = 215  mbarna  ; E2=  20,87  Mev  : Cj  = 2,87  Mev  ; = 45  mbarns.  Les  sections  e£fl- 

caces  Integrdes  sous  chacune  de  cea  deux  rales  sont  respectivement  ^ Mev  barns 

et^=  0,203  Mev  barns  et  sont  done  dans  le  rapport  ^ = 0, 14.  Un  essii  de  determination  de  la 
section  efficace  nucldalre  totals  ffy,  a dte  fait  par  une  mesure  de  transmission  de  f mono- 

chromatlques  4 travers  Y®^,  Les  incertitudes  sur  les  donndes  actuelles  de  I'absorptlon  elec- 
tronlque  des  f (rapport  UCRL  50  400  et  NBS  583)  permettent  simplement  de  conclure  que  de  1 6 
i.  21  Mev  on  a ^^^%15  T 30  mbarns. 

Ce  dddoublement  est  ^ rapprocher  de  la  prediction  de  S.  Fallieros  sur  le  dddoublement  iso- 
barlque  des  dtats  dlpolalres  (Phys.  Lett.  19,  1965,  398)  caracterise  par  df  3-0^5  Mev  pour  Y®"^ 
(U  sdnergle  de  symdtrle  et  T =11.)  en  bon  accord  avec  notre  valeur  experlmentale  4,3  Mev  . 
Fallieros  prdvolt  un  rapport  des  Intensltds  dlpolalres  des  transitions  Cette  va- 

leur n'est  pas  Incompatible  avec  nos  mesures  si  on  suppose  que  <7^^^»0,25<‘ Goulard  et 
al  (Can.  Journ.  Phys.  45,  1967,  3221  et  46.  1968,  2771  - Phys.  Rev.  176,  1968,  1345)  tenant 
compte  de  tous  les  dtats  Ip-lh  concluent  ^ un  dedoublement 4F  trop  falble  et  4 un  rapport  d'ln- 
tensltd  ^ aO,  11  ce  qul  est  Insulflsant  meme  en  ne  tenant  compte  que  de  la  valeur  II  est 

probable  que  la  consideration  du  couplage  d'dtats  du  contlnu  aux  etats  quasl-Ues  2p-2h  permet- 
tralt  de  mleux  prdclser  les  caractdrlstlques  de  ce  dddoublement  (V.  GlUet  et  al  • Nucl.  Phys. 
A97,  1967,  631).  Notons  enfln  que  notre  valeur  expdrlmentale  plus  grande  que 

pourrait  provenir,  comme  indlqud  par  Gellle  (Aust.  J.  Phys.  1968,  765)  d'une  ddsexcltatlon  de 
par  emission  d'un  neutron  vers  les  etatsT,.6de  Y^^  dbs  que  cette  vole  est  ouverte. 
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Fig.  2.  The  excitation  functions  for  the  indicated  reac- 
tions in  a proton  energy  range  covering  the  di  ground- 
state  isobaric  analogue  resonance.' 


Table  1 


Results  for  the  ®®S'r(p. 

reaction. 

^0 

''2 

■'3 

^ (90O)(^/sr)  resonance 

on  resonance 

r«P  (eV) 
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(eV) 
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Table  II.  Anisotropic  factor  BIA  and  asymmetry  factor  p of  angular  distributions  determined  by  least- 
square  fits  with  /4+A(l-fpcos9)sinS9. 


my 


E^MeV) 

17.5  MeV) 

19.0  MeV) 

(ErlMZ 

=24.0  MeV) 

|-  BIA 

! ^ 

BIA 

P ! 

BIA 

P 

3.5-  5.1 

i 0.3±0.2 

\ 0.6±0.7 

1.1±0.4 

0.3±0.3  1 

0.5±0.2 

o 

It 

o 

1 

5.1-  7.2 

j 1.1±0.4 

1 0.0±0.3 

2.2±0.4 

0.1±0.1  1 

0.9±0.3 

1 0.2±0.2 

7.2  10.0 

00»l 

1 0.2±0.2 

3.2±2.0 

-0.2±0.2  j 

1.6±0.6 

' 0.0±0.2 

10.0^ 

1 

1 

! 

1 

1 

4.5s3.0 

1 -0.2±0.2 

a)  The  noution  oo  indicates  that  the  distribution  is  almost  (1  +p  cos  0)  sin*  9.  It  is  used  when  the  result 
has  stronger  maximum  than  that  of  1 + 10(1  -f-;>cos  tf)  sin*  9. 


£*(MeVI 

Fig.  1.  Energy  distributions  of  photoprotons  from 
**Y  irradiated  with  the  bremsstrahlung  at  maxi- 
mum energies  of  24.0,  19.0  and  17.5  MeV. 
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Fi ’.  Examples  of  angular  distributions  of  photo- 

protons from  **Y  and  Zr. 
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Fig.  4.  Energy  dependence  of  the  anisotropic  factor 
BIA  of  the  angular  distributions  for  photoprotons 
from  **Y.  A sign  indicates  that  BIA  is  too 
targe  to  piot  the  figure. 
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Fig.  6.  The  energy  distribution  and  the  anisotropic 
factor  BIA  for  photoprotons  from  *»Y  obtained  by 
subtraaion  of  from  3^„  om.v.  The 

broken  curves  show  transition  groups  to  the  se- 
lected residual  sutes. 


Fig.  10.  Cross  sections  for  strong  photoproton 
transitions  on  "Y.  The  neutron  emission  cross 
section**)  and  the  result  of  the  **Sr(^,  ro)**Y  reac- 
tion" are  also  shown. 


5t 


.:d1 


"Ylrpi"Sr 


^ .4. 


i| 

/t 


ZZMtH 
■ki.  Ground 


14 

12 

I90H«»  fmuti- 10 

a 
6 

o 

2 

0 
-2 
-4 

-e 


9 , 10 

E.  IMtVI 


IS. 


15- 


a: 

Jh-; 


f 

'i 


! ‘*1 


I M 


w Vj: 


,>•300  ' 


*•200  (t 


HOO  b 


Fig.  7.  The  energy  distribution  and  the  anisotropic  — ■ ■■  ■ ■ — — 

factor  BIA  for  photoprotons  from  »*Y  obtained  by 

subtraction  of  from  See  also  PHOTONUCLEAR  DATA  SHEET  259 

the  caption  for  Fig. 
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Fi;;.  9.  The  (r.  p)cross  sections  of  ”Y  and  Zr  in  the 
photon  energy  region  lower  than  ZOMeV.  The 

(;■./?<))  cross  sections  deduced  from  the  inverse  

reaction  cross  sections  arc  shown  bv  solid  lines  ' 
indicated  by  ,r„.  Theoretical  "oZrfr. /)r>)”Y  cross 
section'’^  IS  shown  bv  broken  line. 
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Pig.  1.  Energy  distributions  of  photoprotons. 

Vertical  broken  lines  and  solid  lines 
indicate  the  position  of  p^  corres- 
ponding to  the  ground  IAS  and  electric 
dipole  IAS  ( 2-'i ) respectively. 
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FIs.  9.  Differential  total  scatterins  cross  seaion  at  130*  for  **Y.  The  dashed  curves  ainteseatterins 

cross  section  calculated  with  one  Loreatz  line  at  — 16.4  MeV  and  with  two  Lorentz  lines  at 

- 16.4  MeV  and  Ei  - 21.3  .McV. 


KS.  10.  Difforentic;  total  scattering  cross  section  at  1 30*  for  *»Y  and  theoretical  scattering  crosssectioa 
(dashed  curve)  given  by  the  D.C.M.  calculations.  See  caption  for  fig.  4.  Here  Ei  is  given  by  table  3. 

Fig.  4.  Differential  total  scattering  cross  section  at  150“  for  natural  Ti.  The  full  curve  ffirough  ex- 
perimental points  is  only  a guide  for  the  eyes.  The  vertical  bars  represent  the  relative  strength  of 
dipole  levels  e-i.-i-ted  by  the  D.C.M.  with  parameters  of  table  1.  Theoretical  elastic  plus  inelastic 
scattering  is  eo.T. p_;ec  from  these  levels  with  a common  width/"  (dashed  curve).  E.\pcrLT.e.-.taI  inelastic 
scattering  (.htjteg.-a.-r.;  and  theoretical  inelastic  scattering  to  the  first  2*  (full  curve)  are  shown  in  the 
lower  part  ct  the  figure.  Open  circles  give  the  cross  section  after  background  subtraction. 
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Summary  of  measured  yield  ratios 


Tariet 

Bremsstrahlung  energy 
(MeV) 

Measured  yield  ratio 
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2S0 
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*«Mo/**Nb  - 0.41  ±0.0S 

280 

0.49  ±0.05 
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0.10  ±0.03 
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Tabu  I 

Lorentz  line  parameters  corresponding  to  fits  shown  in  fig.  6. 


Rb 

Sr 

i.y 

*«Zr 

»’Nb 

<T,  (mb) 
r,  (MeV) 
£.  (MeV) 

192  ±10 

4.1  ± 0.1S 
16.75±  a03 

207  ±10 
4.2±  0.1 
16.7±  0.05 

225  ±10 
4.1  ± 0.1 
16.7±  0.05 

2II  ±10 
4.0  ± 0.1 
16.65  ± 0.05 

202  ±10 
4.7  ± 0.2 
16.5±  0.05 
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Sr 

••Y 

""Zr 

**Nb 
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1.3610.07 

1.26  ±0.07 
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»• 
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4 ±0.2 

4.8  ±0.2 
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Fig.  6.  Total  photonculron  cross  sections  <Tt  *>f  Rb,  Sr,  **Y,  **Zr  and  **Nb  and  best  one  Lorentz 
line  fit  corresponding  to  parameters  given  in  table  I. 
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wiuare.s  fit  of  theory  to  r)iia.siuliistic  peak. 

Nucleus 

(MeV/c)* 

t 

(MeV)'> 

3Li« 

1C9 

17 

,C‘* 

221 

25 

235 

32 

:oCa« 

251 

23 

jsNi”*’ 

260 

36 

33V” 

254 

30 

soSn"*-' 

260 

42 

„Ta"‘ 

265 

42 

265 

44 

'The  fittinfY  uncertainty  in  these  numbers  is  approx- 
imately *5  MeV/c. 

^The  nttlng  uncertainty  in  these  numbers  is  approx- 
imately MeV.  Simple  estimates  for  t give  numbers 
in  rensomblo  agreement  with  those  in  the  table. 
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The  "Sr(^,y)**Y  and  **Y(p, y)**Zr  reactions  have  been  investigated  in  the  energy  range  E, 

J to  3.0  MeV.  Excitation  functions  for  the  transition  to  the  ground  state,  with  a total  reso- 
lution of  2 keV,  were  determined  for  each  reaction  over  this  energy  region.  Using  thick  tar- 
gets and  both  a single  Ge(Ll)  detector  and  a Ge(Li)  detector  incorporated  into  a pair  spectrom- 
eter, total  summed  spectra  for  the  700-keV  region  were  obtained.  The  average  total  cross 
section  of  "Sr(p, and  yo)”Zr  was  12  ± 5 Mb  and  17  ±7  Mb,  respectively.  These 
total  summed  spectra,  which  represent  the  total  y-ray  yield  in  this  region,  have  been  exam- 
ined for  a possible  dependence  of  the  intensity  on  the  of  the  final  state.  The  data  suggest 
such  a ./-dependence  hypothesis,  but  detailed  theoretical  analysis  of  the  ”Sr(^,  y)'*Y  reaction 
does  not  completely  agree  with  experiment.  A spectrum  from  a Ge(LU  detector  in  coinci- 
dence with  a NalCW  detector  was  accumnlated  for  the  "Sr(p,  y)**Y  reaction.  The  decay 
scheme  of  the  states  of  **Y  up  to  an  excitation  energy  of  3.621  MeV  was  determined  and  the 
implications  about  spins  and  parities  are  oonslstent  with  accepted  assignments. 
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FIG.  1.  Presently  accepted  level  schemes  for  ”Y  and 
3*Zr  taken  from  the  data  of  Van  Patter  (Ref.  8)  and  Ball 
(Ref.  9),  respectively. 
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FIG.  2.  Excitation  functiona  for  **Sr<p,yo)'*Y  and  over  the  energy  region  £,  =2.3  to  3.0  MeV. 
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Table  III.  El  transition  strengths  from  the 
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Transition 

E QfeV) 
0 

r^(ex)(eV) 

S(d,p) 

S(He^d) 

r^(ex)/r^(th) 

5/2''L5/2" 

4.80 

7 ± 2 

0.46 

0.19 

* 

28 

00 

>* 

5/2'*L3/2" 

II 

13  + 3 

II 

0.14 

1.5* 

5/2'^-5/2“ 

II 

7 ± 2 

II 

0.19 

28* 

5/2'*L3/2" 

5.08 

8 ± 2 

0.8 

0.11 
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0.11 

If 

0.65 

Kb^" 

3/2‘*Vl/2" 

6.82 
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0.63 

0.36 
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^al*  functions  of  the  ground-state  transition  In 
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The  solid  curves  are  theoretical  fits  described  in  the  text;. 

fohm  NaS-418 

in  CV.  7.1  4.841 

USCOMM.NBS.OC 


Fig. 7.  Observation  of  the  transition  to  the 
ground  state(2pi/2)  ^ 

The  solid  curves  are  theoretical  fits  (see 
text) . 
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TABL£  I.  Experimental  isomer  ratios: 


Y»(y,2e)Y«",Y** . 


Bremsstrahlung 
snd-point  energy  (MeV) 

Measured  isomer  ratio 
Metastable  state /total 

23bsl.S 

0.2  *0.02 

25.6*1.5 

0.26*0.025 

28.6*1.6 

0.30*0X3 

50jO*2J 

0X5*0.03 

A. THIS  EXPERIMENT 


FIG.  4.  Isomer  ratio  in  from  the  reaction  Y**(r,2n) 
T*^  vs'ond-point  energy  of  thin-target  bremastrahlung. 


Isomer  Ratios  from  Low  Primary  Excitation  of  Resid- 
ual Nuclei.  J.  W.  Watson.  H.  A.  Medicus,  and 
R,  E.  Turner  iPhys.  Rev.  C 6,  497  (1972)].  In 
Figs.  3 and  4 the  abcissas  are  incorrectly  labeled. 
In  Fig.  3 all  energy  values  should  be  increased  by 
2 MeV,  and  in  Fig.  4 they  should  be  increased  by 
10  MeV  in  the  range  up  to  90  MeV.  Furthermore, 
on  p.  505,  right  column,  second  line  from  top. 
Refs.  11  and  22  should  read  Refs.  12  and  23. 
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Fig.  IS.  Ratio  versus  atomic  number  A.  Here  o,m  is  the  level  density  parameter  taken  from 

the  neutron  resonance  work  of  refs.  and  a,  is  the  level  density  parameter  derived  from  the 
present  .(y.  n)  work.  Filled  circles  represent  points  where  nuclei  in  the  neutron  resonance  and  In  the 
(y,  n)  experiment  were  the  same.  Open  circles  represent  points  where  the  respective  nuclei  ^%ere 
approximately  matched.  Triangles  represent  points  which  are  based  on  measurement  of  neutron 
mean  energies  at  two  bremsstrahlung  energies  only. 
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Table  3 (continued) 


Target 

N 

(residual 
nucleus)  *) 

Goodness 
of  fit*) 
no  with 
p.c.  p.c. 

£.(24)  r 

(MeV)*)  (MeV)*) 

0. 

(MeV-‘)*) 

(MeV-‘)0 

Y 

49 

100% 

C 

G 

1.30 

14.9-»*Y 

10.17-’»Y 

0.68 

Zr 

49 

52% 

F 

F 

1.28 

16.0-»“Zr 

12.2  -“Zr 

0.77 

11*/. 

31 

17% 

53 

17% 

55 

3% 

Nb 

51 

100% 

F 

F 

1.28 

19.6-»»Nb 

13.15-’*Nb 

0.68 

Mo 

49 

16% 

G 

G 

1.27 

16.5-»»Mo 

14.7  -“Mo 

0.89 

51 

9% 

52 

16% 

53 

17% 

54 

10% 

55 

24% 

57 

8% 

Ag 

39 

31% 

V.P. 

F 

1.27 

0.55 

18.6-*®’Ag 

15.61-‘®*Ag 

0.84 

61 

49% 

Cd 

37 

1% 

V.P. 

F 

1.24 

0.54 

20.9-“  **Cd 

17.0  ->“Cd 

0.82 

61 

12% 

62 

13% 

63 

24% 

64 

12% 

65 

29% 

67 

8% 

In 

63 

4% 

V.P. 

F 

1.26 

0.37 

17.0-"*In 

I6.66J‘*In 

0.98 

65 

96% 

Sn 

65 

14% 

V.P. 

V.P. 

1.38 

0.73 

14.3-"*Sn 

15.9  -“*Sn 

1.09 

(Z  - 50) 

66 

8% 

67 

24% 

68 

9% 

69 

33% 

71 

5% 

73 

6% 

Sb 

69 

37% 

V.P. 

P 

1.2 

0.68 

19.2-“ 'Sb 

17.0  -“‘Sb 

0.89 

71 

43% 

Te 

69 

2% 

V.P. 

F 

1.36 

0.83 

15.0-“’Te 

17.0  -“Te 

1.13 

71 

3% 

72 

7% 

73 

19% 

75 

32% 

77 

34% 

I 

73 

100% 

F 

G 

1.23 

0.70 

17.0-'“1 

17.02-'-*! 

1.00 

*)  Neutron  numbers  and  abundances  of  respective  residual  nuclei  in  (;■,  n)  experiments. 

These,  give  an  assessment  of  the  goodness  of  fit  of  a calculated  versus  Eo  curve  to  the 
observed  data,  using  the  Fermi  gas  level  density  formula  both  without  and  with  pairing  corrections. 

')  Bremsstrahlung  photoneutron  mean  energies  fc*r  peak  brcmv.irahlung  energy  £o  = 24  MeV. 

"*)  Nuclear  temperature  from  fit  with  constant-temperature  formula. 

•)  Level  density  parameter  a,  derived  from  the  present  (>’,  n)  cvpenment,  using  a Fermi  gas 
formula  plus  pairing  correction,  and  corresponding  residual  nucleus  ithe  atomic  weight  shown  is 
the  weighted  average  of  atomic  weights  of  the  respective  isotopes  present). 

')  As  column  7,  but  using  data  on  n-resonance  absorption  from  refs.  '■’). 

•)  Measurements  of  (Eo)  for  these  nuclei  were  made  only  for  Eo  21,  23  and  24  MeV. 
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TABLE  V.  Reduced  transition  probabilities 


Prediction  of  mixed  model 

S(£L)I  (Tassie  model) 

Bl£L)i  for  **Y  3"  transitions 

Weisskopf 

Weisskopf 

Nucleus 

Level 

units 

(e^  fm®) 

units 

"Sr 

2*.  1.84  MeV 

822.4  ± 23.8 

7.0±0.2 

3", 2. 74  MeV 

62  034  ±4015 

19.3±1.2 

8Sy 

|“,L  =2 
1.51  MeV 

130.7  ± 17.57 

1.1±0.1 

1'.^  =2 
1.74  MeV 

196.8±  13.89 

1.7±0.1 

r.L=3 

2.21  MeV 

25  777  ±2251 

7.8±0.7 

24  836 

7.5 

r.-t-3 

Z ^Z  MrV 

36  603  ±2818 

11.1±0.9 

25  764 

7.8 

(f  .f).L=3 
2.86  MeV 

50536  ±5000 

15.3  ±1.5 

30160 

9.2 

(|*,|*),L=2 
3.1  MeV 

• 144.6±  11.66 

1.2  ±0.1 
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TABLE  IV.  Electron  scattering  form  factors  for  ”Y. 


Level 

Incident 

energy 

(MeV) 

Lab  scattering 
angle 
(deg) 

4 

(fm"‘) 

Standard 

deviation 

(%) 

Ground 

120.85 

110.5 

1.005 

0.6027x10"* 

0.9 

state 

100.87 

128.2 

0.919 

0.8147x10"* 

1.0 

1- 

101.17 

110.5 

0.842 

0.6544x10"* 

0.8 

80.86 

128.2 

0.737 

0.9522x10"* 

1.1 

80.95 

110.5 

0.674 

0.1802x10"* 

0.4 

67.07 

128.2 

0.611 

0.3496x10"* 

0.5 

60.48 

128.3 

0.551 

0.8321x10"* 

0.5 

53.46 

128.3 

0.487 

0.1641 

0.4 

45.42 

128.3 

0.414 

0.3258 

0.3 

1.51  MeV 

120.85 

110.5 

... 

... 

... 

L 

100.87 

128.2 

... 

. . . 

••• 

r 

101.17 

110.5 

0.836 

0.1463x10"* 

37.5 

80.86 

128.2 

0.730 

0.2769x10"* 

39.0 

80.95 

110.5 

0.667 

0.5404x10"* 

18.6 

67.07 

128.2 

0.604 

0.6197x10"* 

24.1 

60.48 

128.3 

0.544 

0.9577x10"* 

13.5 

53.46 

128.3 

0.480 

0.8497x10"* 

12.4 

45.42 

128.3 

0.407 

0.8282x10"* 

17.4 

1.74  MeV 

120.85 

110.5 

... 

... 

... 

1,-2 

100.87 

128.2 

... 

... 

... 

101.17 

110.5 

0.835 

0.2266x10"* 

20.8 

80.86 

128.2 

0.729 

0.6865x10"* 

18.3 

80.95 

110.5 

0.666 

0.1193x10"* 

8.5 

67.07 

128.2 

0.603 

0.1301x10"* 

10.5 

60.48 

.128.3 

0.543 

0.1427x10"* 

7.2 

53.46 

128.3 

0.479 

0.1548x10"* 

8.0 

45.42 

128.3 

0.406 

0.1105x10"* 

11.6 

2.21  MeV 

120.85 

110.5 

0.996 

0.1969X  10"* 

4.5 

L-3 

100.87 

128.2 

0.909 

0.2645x10"* 

7.8 

r 

101.17 

110.5 

0.833 

0.3397x10"* 

2.9 

80.86 

128.2 

0.727 

0.3584x10"* 

5.1 

80.95 

110.5 

0.664 

0.3334x10"* 

3.4 

67.07 

128.2 

0.601 

0.3048x10"* 

5.7 

60.48 

128.3 

0.541 

0.2478x10"* 

5.0 

53.46 

128.3 

0.477 

0.1328x10"* 

6.5 

45.42 

128.3 

0.404 

0.7320x10"* 

15.5 

2.52  MeV 

120.85 

110.5 

0.995 

0.1883x10"* 

4.8 

L-3 

100.87 

128.2 

0.907 

0.2926x10"* 

7.3 

r 

101.17 

110.5 

0.831 

0.3498x10"* 

2.8 

80.86 

128.2 

0.725 

0.3711x10"* 

4.5 

80.95 

110.5 

0.663 

0.3793x10"* 

3.0 

67.07 

128.2 

0.600 

0.3288x10"* 

5.1 

60.48 

128.3 

0.540 

0.2918x10"* 

2.9 

53.46 

128.3 

0.476 

0.1593x10"* 

7.2 

45.42 

123.3 

0.402 

0.7639x10"* 

12.9 

2.86  MeV 

120.85 

110.5 

0.994 

0.1158x10"* 

7.7 

L -3 

100.87 

123. 2 

0.906 

0.1772x10"* 

9.6 

<r.r> 

101.17 

110.5 

0.830 

0.2310x10"* 

4.1 

80.86 

128.2 

0.724 

0.2997x10"* 

5.4 

80.95 

110.5 

0.662 

0.3339x10"* 

3.6 

67.07 

128.2 

0.598 

0.2550x10"* 

5.0 

60.48 

128.3 

0.538 

0.2357x10"* 

4.5 

53.46 

128.3 

0.474 

0.1861x10"* 

5.2 

45.42 

128.3 

0.401 

0.1158x10"* 

8.9 

3.1  MeV 

120.85 

110.5 

... 

. • . 

• • • 

L =2 

100.87 

128.2 

... 

. . . 

<r.i ) 

101.17 

110.5 

0.829 

0.1007x10"* 

38.1 

80.86 

128.2 

0.722 

0.8593x10"* 

12.3 

80.95 

110.5 

0.661 

0.1056x10"* 

9.0 

67.07 

128.2 

0.597 

0.1260x10"* 

11.2 

60.48 

128.3 

0.537 

0.1256x10"* 

8.9 

53.46 

128.3 

0.473 

0.6261x10"* 

15.2 

45.42 

128.3 

0.400 

0.1038x10"* 

11.1 
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Fig.  12.  Comparison  of  photoproton  cross  sections  of  **Y.  (a)  Present  result,  (b)  Ref.  ’).  (c),  (J) 
Theoretical  estimates,  refs.  “)  respectively. 
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The  radiative  width  of  the  narrow  E 1 lAR  obtained  from  the  proton  group  in  the  proton  spectra 


Nucleus 

(MeV) 

(MeV) 

FiuiJ”)  r Tp.*) 
(MeV)  •'  7 

(eV) 

/V) 

(eV) 

2(r+i)^*^ 

A W 

2(r+i)^'^ 

* *.p. 

(P.  Zo) 
data  Fy 

(eV) 

”Zr 

14.5 

6.0 

0 (i-) 

26 

26  ■>) 

0.076 

> 30*) 

16.3 

7.9 

0 (i*) 

741 

16.3 

6.3 

1.51  (5-) 

52) 

126 ') 

0.26 

.>  60') 

89Y 

13.0") 

5.9 

0 (0*) 

13 

13") 

0.13') 

18±3") 

14.5  •) 

7.3 

0 (0^) 

16 

16") 

0.14') 

11±2") 

15.9  ") 

8.7 

0 (0*) 

42 

42  ") 

0.68 ') 

40±8") 

•»Sr 

17.1 

6.5 

0 (4-) 

9.51 

17.1 

5.6 

0.85  ((i-)) 

4.9) 

14') 

0.029 

17.3 

6.7 

0 (-i*) 

30  1 

17.3 

5.9 

0.85  ((!-)) 

18  1 

48  ') 

0.094 

The  available  data  with  the  (p,  ya)  e.xperiment  are  shown  in  the  last  column. 

•)  The  errors  may  be  a 30%  (for  ’"Zr.  "Sr)  and  a 50%  (for  ”Y)  including  the  uncertainty 
of  the  process  to  separate  the  proton  group. 

'’■>  Fpjr  = 1 was  assumed. 

‘)  (f 'po  = 1 was  as.sumed. 

<*)  J’f  ~ was  assigned  as  shown  in  table  3. 

')  J"  — was  assigned  as  shown  in  table  3. 

')  Correction  was  made  for  the  spectroscopic  factors  on  the  ground  state  and  the  excited  state 
with  the  data  of  the  (He^,  d)  and  (d,  p)  reactions  respectively. 

•)  Ref.  ”). 

•■)  Ref.  ‘). 
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FIG.  1.  The  measured  quasielastic  peaks;  the  errors  oa  the  data  points  do  not  include  an  over-all  3%  normalization 
uncertainty.  The  solid  curve  is  a fit  by  the  Fermi-gas  model  which  yielded  hf  (In  MeV/c)  and  ? (In  MeV)  as  follows: 
(a>  *U  069,  17);  (b)  ‘*C  (221,  25);  (c)  “Mg  (235,  32);  (d)  *®Ca  (249,  33);  (e)  (260,  36);  (0  **Y  (254,  39);  (g) 

*“-’Sm  (260,  42);  (h)  “*Ta  (265,  42);  d)  (265,  44).  The  fitting  uncertainty  In  is  :fe5  MeV/c  and  In  c it  is  ±3 
MeV.  The  small-amplitude  dashed  curve  is  the  s-wave  ^-production  contribution,  the  dot-dashed  curve  is  the  isobar 
excitation,  and  the  large-amplitude  dashed  curve  is  the  total  result. 
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Fig.  3.  Difierential  (y,  p)  cross  sections  at  9 » 90°  analysed  from  (e,  e'p)  cross  sections  by  the  least. 

structure  method. 
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Fig.  5.  Upper  figure:  open  circles,  <j(y,  p);  dosed  circles,  e(y,  n)  [ref.  **)];  closed  points,  <j(y,  po) 
[ref.  **)I;  solid  line,  Lorentz  line  lit  to  the  7'<  region  of  ff(y,  n)  [ref.  **)];  dotted  line,  Lorentz  line 
fit  to  the  r<  region  of  (x(y,  p)  with  i'l  and  E%  equal  to  those  of  a(y,  n).  Lower  figure:  ratio  between 
cross  sections.  Dotted  line:  constant  for  a(y,  p)l<x(y,  n)  determined  around  7'<  CDR. 
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FIG.  S.  Relative  DWB.A.  cross  sectioa,  calculated 
u.sing  the  Goldhaber-TcUcr  model,  as  rittecl  to  Ihe 
e.'cperinter.tal  cross  sections  for  the  resonance  at  14 
MeV  V ith  a width  of  T=  l.i  MeV.  The  comparison  rules 
cat  any  assignment  other  than  £2. 
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FIG.  It).  Relative  DWBA  cross  section  using  the 
!halier-T‘'Ucr  model  as  compared  with  the  cluster  of 
'■  concentrated  around  7 and  3 MeV.  The  compar'- 
'•  f-\'jrs  an  £C  assignment  for  these  states.  The  large 
‘ r:^ir  at  the  lov.er  momentum  transfer  is  duo  to*the  suIj- 
■ tiun  of  the  gho.it  pe.aU. 


FIG.  9.  Relative  DtVB.A.  cross  section  using  the  &)id- 
haher- Teller  modsl  a.s  compared  with  the  resonance  at 
23  MeV  assuming  a width  of  T-  3 MeV.  The  compari- 
son shows  that  the  cross  section  in  this. region  is  pre- 
dominantly £2  with  the  possibility  of  some  £3  contribu- 
tion. 


FIG.  11.  Relative  DUTJA  cross  section  calculated  with 
the  Gotdhaber- Teller  model  for  the  structure  at 
\>V  with  a width  of  1.2  .\lcV.  Comparison  with  c.speri- 
mant  favors  an  £3  assignment.  .1^2  assignment  would  be 
possible,  too,  but  was  not  considered  seriously  possible, 
doe  to  the  great  3/2  strength  necessary  to  explain  the 
d.ata. 
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22 

16.79 

3.93  ± 0.06 

87  ±6 

(y,n) 

23 

16.74 

4.1  ±0.1 

1U±5 

(y.n) 

S9^ 

3 

16.63 

4.0 

107  ± 32 

(e.e') 

”Zr 

3 

• ••  ^ 

4.0 

113±  25 

(c.c') 

”Zr 

This 

work 

16.6 

3.9  ± 0.2 

104  ± 10 

te.e') 

*R  =£,£f£l)/E\VSR(£l,  = 

I)x  100. 

*The  authors  used  the  (y, 

ix)  value. 

TABLE  n. 

Compilation  of  some  results  for  the  £2  (AT  = 

0)  resonance  in 

N = 50  nuclei. 

Ref. 

£o  (MeV) 

r (MeV) 

R rc)‘ 

Method 

Nucleus 

5 

14 

4.3  ± 0.6 

56  ± 17 

(e,«') 

’“Zr 

6 

14.5  ±0.3 

4.0  ± 0.2 

54  ± IS 

(a, a') 

**Zr 

8 

14* 

4.5* 

84 

(c .«') 

•*Zr 

40 

13.8  ±0.2 

3.2 

24±5 

(p.P'f 

**Y 

This 

work 

14.0  ± 0.2 

4.5  ± 0.4 

56±  G* 

(e.e') 

•y 

i *R«E,B(£2)/EWSRUr=0,E2)xl00. 
f *Vahies  were  taken  from  Ref.  41. 

! *The  rms  radius  R=4.27  fm  of  Ref.  13  was  used  for  calculating  the  sum  rule  yielding  an 


i E»SR  (£2.  AT=0)  of  2S800  MeVfm‘. 
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T.4BLE  in.  Compilation  of  results  for  the  £2  1)  resonance  in  some  Af  = 50  nuclei. 


P.ef. 

£,  (MeV) 

r (MeV) 

R a)* 

Method 

Nucleus 

S 

27 

...  .* 

23 

ie.e') 

**Zr 

8 

26 

7 

73 

(e.e') 

*®Zr 

43 

... 

a»40* 

(p.Y) 

**Zr 

This 

28.0  ±0.5 

10 

82±  10 

(e.e') 

•*Y 

work 

8 

57  ±6 

7 

48  ±5 

*R  = EjB(£2)/ EWSR(AT=  l,£2)x  100.  The  AT  = 1 sum  rule  is  connected  with  that  of  Table  n 
by  a factor  of  S/Z. 

*The  value  for  the  sum  rule  percentage  depends  on  the  coupling  used  for  the  model. 
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TABLE  VI. 


Compilation  of  all  the  results  from  this  experiment. 


£,  (MeV) 

£,  (A*‘'*  MeV) 

r (MeV)‘ 

B (fm’*) 

R (%)“ 

r“  (eV) 

spu 

X 

AT 

2.6 

... 

1.0  ± 0.2 

( 1.12±0.15)xl0^ 

15±  3 

5.3  X 10-* 

34 

3 

0 

4.0 

... 

1. 0.0.2 

700  ± 140 

11  :c3 

1.2  X 10*‘ 

6 

2 

0 

6.75 

30 

l.0±0.2 

(16.5  ±3.0)  xlO’ 

6±  1 

6.2  X 10*^ 

5 

3 

0 

8.03 

36 

1.2 . 0.2 

(16.5  ±2.5)  xlCr* 

7 ± 1 

2.1  X 10** 

5 

3 

0 

13.5 

60 

1.2  ±0.2 

( 4.4  ± 1.0)  X lo’ 

2.5  ± 0.6 

2.1  X 10-* 

1.4 

3 

1 

14.0 

63 

4.5  ± 0.4 

1040  ± 103 

56  ± 6 

9.0  X 10* 

8.8 

2 

0 

16.6 

74 

3.9  ± 0.2 

20.5  ±2.0 

104  ± 10 

3.3  X 10* 

5.3 

1 

1 

28.0 

125 

r=  7 

566  ± 63 

48  ± 5 

1.57  X lO’ 

4.8 

r=  8 

670  ± 30 

57  ± 6 

1.86  X 10* 

5.6 

2 

1 

r = 10 

960 ± 130 

82  ± 10 

2.67  X 10* 

8.1 

*The  width  may  be  either  the  width  of  the  enveloping  curve  of  unresolved  discrete  states  or  the  width  of  a coherent 
resonant  state.  < 
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REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  range 

TYPE  range 

G,N 

ABY 

12-68 

C 30-68 

ACT 

4PI 

Analysis  is  made  of  reactions  interfering  with 
photon  activation  analysis  procedures. 


The  activation  yield  curves  have  been  presented  for  a number  of  photonuclear  reactions  in  the  ejiergy  range  from  30  to 
68  MeV,  in  order  to  evaluate  quantitatively  the  interferences  due  to  competing  reactions  in  multielement  photon  activation 
analysis.  The  general  features  of  the  yields  as  functions  of  both  target  mass  number  and  excitation  energy  were  elucidated 
from  the  dau  obtained,  discussion  being  given  on  the  results  in  terms  of  the  reaction  mechanism. 

Simultaneous  neutron  activation  due  to  appreciable  neutron  production  from  the  converter  and  surrounding  materials 
has  also  been  studied,  and,  finally,  the  magnitudes  of  interferences  in  real  multielement  analysis  were  given  in  the  form 
of  their  energy  dependences. 


to'  to* 

Nt 

Fig.  2.  Yield  per  equivalent  quanta  versus  target  neutron  num- 
ber. 


Fig.  7.  Activation  yield  curves  for  the  reactions  on  Y,  Zr,  Nb 
and  Mo. 

♦ ^’Y(x.n»**Y.  O '’®Zr(y,  n)*’Zr.  O ’°Zr(y,  pn)**  Y. 

’^Nb(’,',  ni’^^Nb.  A ’^Nb(y,  am)**  Y.  B '°®Mo(y,  n)’’‘’Mo. 
O ’^Mo(y,  p)^^Nb.  3 ’^Moiy,  pt’^^Nb.O  ^■*Mo(y,  pn)''’"’Nb. 
□ ’2Mo(y,2n)«'’Mo.7  ”Mo(y.  mi)«’Zr. 
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( H ) 3 


Fig.  9.  Yields  of  the  (y.  n)  reactions  as  a function  of  brems- 
strahlung  maximum  energy  and  target  mass  number.  The 
numerical  values  in  the  figure  are  yields  per  equivalent  quanta 
in  mb. 
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Analysis  of  data  in  reference  5. 


POLARIZED  PROTONS 


Measurements  of  cross  sections  and  analyzing  powers  are  examined  for  polarized  proton  capture  on  “C 
*Si,  **Fe,  **Fe,  **F^  ^*Co,  and  **Sr  at  energies  which  cover  the  giant  dipole  resonance  region.  These  data 
are  used  to  extract  the  relative  amplitudes  and  phases  of  the  contributing  £1  r-matrix  A typical 

result  exhibits  two  solutions.  Calculations  using  the  direct  (or  a direct-semidirect)  capture  model  appear  to 
provide  a means  for  choosing  the  physical  solution. 


NUCLEAR  REACTIONS:  ’"SU/.y,).  ”Fe(p.-)i  ),  »Fe(/.y,), 

I T'l  )t  **Co(p , Vj ),  **Sr(p , Tj );  measured  o(6)  and  A {$)  over  energy  region 
of  the  giant  dipole  resonance.  Deduced  T-matrix  amplitudes  and  phases.  Com> 
pare  results  to  direct-semidirect  model  calculations. 


FIG.  1.  The  two  solutions  (dots  and  s’s)  resulting  from  a pure  El  analysis  of  the  data  are  shown  along  with  the  results 
of  the  calculation  for  target  nuclei  of  '‘C,  ’*Sr,  and  ’“Sl.  The  remaining  cross  section  In  the  case  of  “C  and  ”Sr  is  due 
to  the  Sj/j  matrix  element.  In  the  case  of  ’®Sl  It  arises  from  thep^/j  matrix  element.  The  error  bars  represent  typi- 
cal statistical  errors  associated  with  the  data  points.  The  amplitudes  are  presented  in  terms  of  the  percentage  of  the 
total  cross  section  for  which  they  are  responsible.  The  curves  represent  DSD  c^culations  as  described  in  the  text. 

The  dashed  curves  in  the  case  of  *’Sr  were  obtained  using  the  optical  model  parameters  of  Ref.  16  while  the  solid  lines 
were  obtained  from  the  parameters  of  Ref.  18. 
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Absolute  \Y-P\)  differential  cross  sections  for  **Y  were  measured  at  seven  angles  in  the  energy  interval 

between  13  and  24.6  MeV,  from  which  the  angtilar  distribution  coefficients  were  deduced  by  fitting  a sum  of 
Legendre  polynomials.  In  these  cross  sections  we  observe  a number  of  isolated  resonances  which  can  be  identified  as 
the  isobanc  analogs  of  known  1/2*  and  3/2*  excited  states  in  the  **Sr  parent  nucleus.  The  appearance  of  a 
maximum  around  21  MeV  exciutioif  energy  in  both  total  cross  sections  may  indicate  the  existence  of  the  T , 
coherent  dipole  sute.  From  the  angular  distribution  coefficients  in  the  channel,  an  upper  and  lower  limit  for 
the  E2  photon  absorption  were  estimated  as  being  equal  to  22%  and  6%,  respectively,  of  the  total  £2  energy- 
weighted  sum  rule. 


[NUCLEAR  REACTI02B  "YO-.p,).  (V.Pt).  £-13.0-24.6  MeV,  9-37-143*;' 
measured  ofE; 9)  abeohttely.  Deduced  <T(£;Pg),  (7(£;p():  £1,  £2  strengths, 
Isobartc  analog  states,  isospin  splitting.  Natural  target. 


FIG.  5.  The  points  with  error  bars  in  the  upper  half 
of  the  figure  show  our  experimentally  determined  total 
**Y(v,pj)  cross  section,  while  the  full  line  represents 
the  results  deduced  from  the  '•Srfp.Y,)  data  of  Paul 
et  al.  (Ref.  8);  the  bottom  half  of  the  figure  shows  the 
(7,pg)  cross  section  resulting  from  the  (c.e'p)  experi- 
ment of  Shoda  et  al.  (Ref.  9). 

Only  statistical  shown,  systematic 
uncertainty  is  of  the  order  of  5%. 


FIG.  6.  The  angular  distribution  coefficients  a, (£).  t 

- 1 4,  as  a function  of  excitation  energy  for  the 

‘*y(7,Po)  reaction. 


EXCITATION  ENERGY  (MeV) 


FIG. -7.  Upper  (open  circles)  and  lower  (dotted  points) 
limits  of  the  £2  contribution  to  the  ”Y(v,Pg)  photoab- 
sorption. 
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FIG.  3.  The  upper  half  of  the  figure  shows  the  total 
**Y(V,Pi)  cross  section,  while  in  the  lower  half  die  angu- 
lar distribution  coefficients  ai{E)  and  a^iE)  are  repre- 
sented. 
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The  '*Y(/,p)'*Sr  reaction  was  studied  at  various  bremsstrahlung  end  point  energies  in 
the  giant  dipole  resonance  region.  Using  an  artificially  constructed  pseudomonoenergetic 
photon  spectrum,  it  was  possible  to  determine  the  absolute  cross  sections  for  various  pho> 
toproton  reaction  channels.  From  the  direct  decay  cross  sections  the  proton  escape  width 
of  the  giant  dipole  resonance  was  derived;  its  value  amounts  to  0.30—0.35  MeV. 
The  nondirect  contribution  equals  about  25%  of  the  total  energy-integrated  photoproton 
crou  section. 


’nuclear  reactions  '’Y(r,}>),  E = 14-24  MSV;  measured"] 
a{E)  absolutely.  Deduced  f^.  Natural  target.  I 


FIG.  6.  The  absolute  **Y(/,p)  cross  sections  for  the 
various  proton  channels  which  could  be  identified. 
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FIG.  7.  The  ratio  of  the  nondirect  to  the  total  cross 
section  for  the  ”Y  (y,p)  reaction,  as  a function  of  excita- 
tion energy. 


TABLE  II.  Integrated  cross  sections  for  the  various  photoproton  channels  observed  in  the 
*’Y(y,p)  reactions. 


Channel 

Integration  limits 
El  (MeV)-£j  (MeV) 

L ff(£)d£ 
^ *1 

(MeVfm^) 

r <r(p,,£)d£ 

-'L— XlOO 

J a(p,E)dE 

(y.Fo) 

13.8-24.6 

2.45+0.02 

15.6 

(y.Pi) 

15.1-24.4 

2.77+0.03 

17.7 

[y,p(£=3.4  MeV)] 

15.8-23.8 

6.59+0.18 

42.1 

[y,p{£>4.5  MeV)] 

17.8-23.8 

3.86+0.57 

24.6 

(y.p).oui 

13.8-24.6 

15.67+0.60 
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Fig  1.  Gamma-ray  spectra  from  ^Y(n,y)^^Y 
at  various  neutron  energies  plotted 
versus  residual  excitation  energy. 

The  spectra  are  normalized  to  nhe 
same  neutron  flux.  The  single-particle  . 
structure  of  is  given  on  top  of 
the  figure. 
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Fig.  I.  Comparison  of  the  mrasured  spectra  from  the  reaction  ’'*Y(n.  7)*®Y  and  those  predicted  from 
the  direct-semidirect  (DSD)  capture  theory  at  neutron  energies  from  7.2  to  15.6  MeV.  The  theoretical 
spectra  were  computed  using  the  DSD  cross  section  predictions  with  a complex  interaction  for  7-ray 
transitions  to  the  single-particle  states  of  ’®Y  shown  on  top  of  the  figure.  The  cross  seoions  ware  multi- 
plied by  the  Na!(Tl)  detector  response  function  and  corrected  for  y-ray  attenuation  and  detector  emcisncy. 
The  observed  and  theoretical  spectra  were  normalized  to  each  other  in  the  region  corresponding  to 
excita'ion  energies  below  3.2  MeV.  The  GDR  parameters  used  are  given  in  the  tc.vt  while  the  interaction 
parameters  chosen  were  r,  - 75  MeV.  and  »•,  = 110  MeV.  The  data  at  neutron  energies  of  7.2. 8i»  and 
10.9  MeV  were  taken  with  the  TLU  system  while  the  higher  energy  data  were  taken  at  LASL. 
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Fijt.  3.  Experimental  In.  v)  cross  sections  for  -/-ray  transitions  to  the  two  2d,  , states  at  0 and  20.3  keV  in 
Y and  the  integrated  cross  section  for  -/-rays  to  levels  below  F,  = -1.5  MeV.  The  dilTerential  cross  sections 
at  ')0  were  multiplied  by  4r  The  results  from  the  TLU  experi.nient  are  indiuitcd  by  open  circles  and  the 
L.\SL  data  are  shown  by  solid  circles.  The  solid  lines  represent  the  cross  section  predicted  from  the  DSD 
theory  using  a comple.s  coupling  function  for  the  particle-vibration  interaction. 


Kig  5 Detailed  coinparis.'n  oT  the  evpcrimciual  In.  ■ ) cross  sections  for  ; -ray  transition,  to  the  ground- 
state  doublet  of  ■'■''I  The  dai.i  .iie  cvunpared  tothe  predictions  of  the  D.SD  model  using  various  parliclc- 

ubralion  mtcraetion  function' 
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Abstract:  Gamma-ray  spectra  from  neutron  capture  in  natural  samples  of  strontium  and  yttrium  have 
been  recorded  at  various  angles  with  respect  to  the  direction  of  the  incident  neutron  flux.  Angular 
yields  have  been  observed  at  six  neutron  energies  in  the  range  7 to  1 1 MeV  using  time-of-flight 
techniques  to  improve  the  signal-to-background  ratio.  The  y-radiation  was  detected  by  a large 
Nal(Tl)  crystal  placed  in  a heavy  radiation  shield.  Certain  combinations  of  Legendre  polynomial 
coefficients  were  extracted  for  transitions  to  low-lying  single-particle  states  (2d,,j  and  3s, ,j)  in  the 
final  nuclei.  The  energy  dependence  of  the  angular  distribution  coefficients  indicates  interference 
between  the  electric  dipole  amplitude  and  amplitudes  of  opposite  parity.  The  results  are  compared 
with  theoretical  calculations  based  on  the  direct-semidirect  model. 


Fig.  2.  Aneular  distribution  coefficients  la*,  and  versus  neutron  energy  for  the  reactions  ”Sr(n.  Vo)*’Sr 
(open  circl^)  and  *“Y(n.  Vu-r  V,)^"Y  Icrosses).  The  curves  for  the  ,V,  coefficient  represent  the  results  of 
theoretical  calculations  for  El  transitions  to  the  2d,  , state  in  '“Sr  from  the  direct  (>olid  fine)  and  DSD 

(dashed  line)  capture  models. 
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Fig.  }.  Angular  distribution  coefTicients  and  .W,  versus  neutron  energy  for  -/-rays  to  the  3s,  j states 
from  the  reactions  **Sr(n,  y)”Sr  (open  circles)  and  "'*Y(n.  v)'“’Y  (crosses).  The  theoretical  result  for 
DSD  model  calculations  are  shown  as  dashed  curve  for  pure  FI  transitions  and  as  solid  curves  assuming 
El  and  E2  transitions  associated  with  collective  e.\citation  of  the  GDR  and  the  isosclar  GQR. 
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Although  zircon  was  frequently  used  by  the  ancients 
for  intagli  and  although  hyacinth  and  jargon  (semi- 
precious stones)  were  known  in  the  middle  ages,  the 
presence  in  these  minerals  of  an  unknown  metal  was 
not  suspected  until  near  the  end  of  the  eighteenth 
century.  The  earth  zirconia  was  overlooked  because 
of  its  great  similarity  to  alumin,  and  it  took  the 
analytical  skill  of  Klaproth  to  detect  it.  He  worked 
with  zirconium  silicate  in  the  form  of  semiprecious 
gemstones  from  Ceylon.  These  zircon  gems  derive  their 
name  from  the  Arabic  zavgun  (gold  color),  and 
Klaproth  named  the  element  zirconium. 
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Angular  distribution: 

Y(0)  = a + b sin%  (l  + p cos  0)^ 

where  a = 24 ±8;  b = 74±l4; 
p = 0.2  ±0.1  and  b/a  = 5.1±1.2. 


Yield  (Ep  > 8 MeV) : 

(2.6±0.6)  10^  protons/mole-1 

Yield  (5.7  < Ep  < 1^):  (29±3)  10^ 
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Fig.  1.  CanqMrlMB  of  tbooretlcal  aad  experimental 
data  for  the  (y.n)  reaction. 


Fig.  t.  Compariaon  of  theoretical  aad  experimental 
data  for  the  (y.p)  reaetioa. 


Fig.  3a.  Energy  distribatlon  of  photoprotona  at 
«Ymax  “ “ 


Fig.  3b.  Energy  dlatrlbutlon  of  photoprotona  at 
Evw..,  ■ 25  MoV. 
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Fig.l.  Variation  of 
the  Zr(7,p)  reaction 
cross  section  with 


- Fig. 2.  Spectrum  of  photoprotons  from  zirconium  with  irradiation  of  the  target  by 
7 rays  with  'Ey  = 22  KoV. 

' Fig. 3.  Spectrum  of  photoprotons  from  zirconium  v/ith  Ey  = 25  .\!eV.  The  s.r.eoth 
curve  represents  the  spectrum  calculated  on  tho  basis  of  the  statistical  no-dtl'. 
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fig. 4.  Spectrum  of  photoprotons  from  zirconium  witli  Ey  *'*^'*''’* 

Fig. 5.  Angular  distributions  of  different  groups  of  proto.-.s  (Zr  target  irradiateci 
with  Ey  max  “ breaisstrahlung)  : a - 2^  > 7 MeV,  b - > '1  IvleV. 


//iffy,  «r  b.  un  M • 


Fig. 6.  Angular  distributions  of 
different  proton  groups  (target 
Irradiated  with  Ey  = 34  MoV 
brcmsstrahlung)  : a - Ep  = 12-17 
KoV,  b - Ep  a 9-12  MeV,  c - 

s 5. 6-9.0  MeV,  d - Ep  = 3. 5-5. 5 
lav. 
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Fio.  3.  Hutognm  of  distributioii  of  observed  reaonuicea  among  the  different  targets.  The  atomic  number  is  given  directly  beneath 
the  chemical  symbol  followed  by  the  neutron  numbers  of  the  naturally  occurring  isotopes.  Magic  numbers  are  shown  in  brackets.^. 


Table  III.  List  of  effective  Gross  sections. 


Fig.  l.(c) Complex  scattered  spectrum  from  Zr  excited 
by  Se  capture'  gamma  rays  (with  Se  background)  . 
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•A  broad  scattered  spectrum  with  no  observable  peak  structure. 

•There  are  actually  two  lines  of  energies  7.647  and  7.633  MeV  having 
equal  intensities  in  the  iron  capture  gamma  spectrum.  The  cross  section 
has  therefore  ^n  corrected,  although  there  is  no  possibUity  at  present  of 
deciding  which  line  is  responsible  for  each  resonance. 

* Is  probably  an  independent  level^n  .the  complex  spectrum  of  Nl  t 

raw  on  To.  ' 

* Rough  estimate. 

' May  be  inelastic  component  from  7.528  level  in  Te. 

sThe  relative  line  intensities  in  this  case  are  due  to  Groshev  and 
CO  'Workers. 

* No  line  is  known  for  the  source  at  this  energy. 

' Oinicult  to  resolve  among  the  many  sonree  lines  present  at  this  oiergy. 
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Fig.  2.  The  anisotropy  coefficients  at,  in  the  formula  W(a)  - «,(!  + a.P,  + atPt) 
framed  in  the  present  work,  and  those  obtained  by  other  workers  in  the  same  part  of  the’ 
Periodic  Table. 


TABLE  I 
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Element 


Nickel 

Zinc 

Selenium 

Zirconium 

Niobium  ■'> 

Molyl^enum 

Cadmium 

Tin 

Lead 


«s* 

di 

dt 

77(1.0±0.05) 

O.HiO  04 

-0,.Tt±0.06 

236(1.0±0.(>t) 

0.06±0.0;j 

-0.30±0.04 

o25(1.0:i;0.05) 

0.10±0.04 

-0.2.'i±0.05 

380(1.0±0.05) 

0.03±0.04 

-0.27  ±0.05 

302(1.0±0.03) 

O.OliO  02 

-0.30±0.03 

410(1.0d;0.03) 

0.0.i±0  03 

-0.41±0.04 

75.5(l.0:k0.02) 

0.0.i±0  01 

-0.28±0.02 

9.’>3(1.0±0.02) 

0.08±0  ()2 

-0.30±0.02 

2274(l-0d:0.02) 

0.06±0.02 

-0.48  ±0.02 

*For  comparison  purposes  the  espeiimental  value  ol  ss  for  Pb  has  been  noim.ilirrd  to  coincide  with 
that  obtained  by  Baker  and  McNeill  (1001)  and  is  the  yield  per  mole  per  l(M  ruenisen.  All  other 
values  of  ss  have  also  been  quoted  with  the  same  normalisation. 
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hmg 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

angle 

TYPK  RANGE 

TYPE  range 

G,P 

ABX 

8-24 

C 20,24 

EMU-  D 2-  14 

DST 

(20.5) 

Table  II.  Anisotropic  factor  BIA  and  asymmetry  factor  p of  angular  distributions  determined  by  least- 
square  fits  with  ./4-fA(l-t-pcos9)sin*9. 


Zr 


(E,„„= 20.5  MeV) 

(Erm..= 24.0  MeV) 

E^MeV) 

BIA 

P 

E^MeV) 

BIA  1 

P 

2.5-4.4 

6.26±0.09 

-0.9±0.4 

3.5-  7.3 

-0.1  ±0.1  j 

-2.4=2. 6 

4.4-6.7 

1.0  ±0.2 

0.6±0.2 

7.3-11.5 

0.7±0.4 

1.0±0.7 

6.7-S.6 

4.3  ±3.4 

0.7±0.3 

11.5$ 

1.3±1.9 

1.2±1.6 

8.6$ 

7.1  ±9.5 

1.3±0.4 

1 

.lO*"' 


Fig.  2.  Energy  distributions  of  photoprotons  from 
Zr  irradiated  with  the  bremsstrahlung  at  maxi- 
mum energy  of  24.0  and  20.5  MeV. 
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Fig.  3.  Examples  of  angular  distributions  of  photo- 
protons from  **Y  and  Zr. 
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Fig.  5.  Energy  dependence  of  the  anisotropic  fac- 
tor BIA  of  the  angular  distributions  for  photo- 
protons from  Zr.  See  also  the  caption  for  Fig.  4. 


A sign  indicates  that  BfA  is  too 
large  to  plot  the  figure. 


Fig.  9.  The  (r.  p)  cross  sections  of  **Y  and  Zr  in  the 
photon  energy  region  lower  than  20MeV.  The 
(;-.  p«)  cross  sections  deduced  from  the  inverse 
reaction  cross  sections  are  shown  by  solid  lines 
indicated  by  <»».  Theoretical  "Zitr.  Po)**Y  cross 
section'*'-,  is  shown  bv  broken  line. 


E,  (Mevi 


Fig.  8.  The  energy  distribution  and  the  anisotropic 
factor  BIA  for  photoprotons  from  Zr  obtained  by 
subtraction  of  9N«v  from  3^u.o>i*y-  See  also 
the  caption  for  Fig.  6. 


Fig.  11.  Cross  sections  for  strong  photoproton  tran- 
sitionson  Zr.  Photoproton  cross  section  obtained 
from  the  yield  curve,*'  neutron  emission  cross  sec- 
tion**>  and  the  results  of  the  **Y(p,  ro)’*Zr  reac- 
tion*-*-»->*>  are  also  shown. 
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FIG.  1.  The  photon  elastic-scattering  cross  section  of 
Zr.  The  values  assume  that  only  ^°Zr  contributes  above 


Ey (MeV) 

FIG.  4.  The  photon  interaction  cross  section  of  *Zr.  It  was  assumed  that  the  elastic  photon  scattering  above  8.68 
MeV  was  due  to  ^Zr.  The  inferred  cross  sections  are  shown  by  the  circled  crosses  with  experimental  errors  corre- 
sponding to  the  statistical  uncertainty  in  only  the  elastic-scattering  cross  section.  Below  10.62  MeV,  the  measuref.  pho- 
ton scattering  cross  section  is  shown  by  the  diagonal  crosses;  at  and  above  the  10.62  MeV  the  diagonal  crosses  repre-  315 
sent  the  sum  of  the  elastic  scattering  and  photoproton  cross  sections  inferred  from  the  data  in  Refs.  19  and  20.  The  line  over 

is  the  low-energy  extrapolation  of  the  Lorentz  line  which  matches  the  photoneutron  cross  section  of  "Zr  in  the  giant  res-  bureau  of  st  anoarcc 
onance  region  according  to  Ref.*Wp 


TABLl^  II.  Pnocoa  croaa  aeoiiun^  :ur  "cc.  ocu.  i>i  (ur  an  cxpi>^auon  ui  >..4U  acaaint{a  onu  ci.u  .uo  m .uta  laaie. 


Ey 

(MeV) 

^y 

(keV) 

- a 

<Tyy 

(mb) 

(mb) 

<Ty,* 

(mb) 

Single-particle 
units  per  MeV 

3.38 

60 

2.79  ±0.90 

5.2  ± 1.4 

0.047 

3.49 

60 

S.84±1.03 

9.2±1.5 

0.082 

3.60 

60 

1.00  ±0.69 

2.8±1.5 

0.024 

3.70 

110 

3.55±0.S0 

6.5±1.2 

0.055 

3.S9 

60 

4.34±1.22 

3.5±  1.6 

0.068 

3.98 

60 

S.21±1.1S 

9.1±1.5 

0.072 

9.09 

60 

10.31±1.61 

15.8±2.3 

0.125 

9.24 

60 

6.38  ±0.95 

11. 1±  1.3 

0.083 

9.43 

120 

5.78±0.87 

10.6  ±1.2 

0.076 

9.61 

60 

4.14  ±0.99 

8.7±1.5 

0.061 

9.79 

60 

1.68±0.76 

5.0±1.5 

0.033 

9.33 

70 

4.31  ±0.49 

9.3±0.8 

0.063 

9.98 

70 

5.70  ±0.63 

11.7±1.0 

0.075 

10.14 

110 

3.48  ±0.74 

8.9  ±1.3 

0.055 

10.31 

70 

5.40  ±0.85 

12.1±1.3 

0.073 

10.46 

80 

6.75±0.08 

14.6  ±1.2 

0.085 

10.62 

120 

4.45±0.78 

1.1 

11.9  ±1.3 

0.056 

10.92 

70 

3.9S±0.73 

3.1 

13.0±1.3 

0.069 

11.04 

70 

3.39  ±0.76 

3.7 

12.7  ±1.4 

0.067 

11.20 

70 

2.41  ±0.66 

3.3 

11.1±1.6 

0.057 

11.28 

70 

4.2S±1.15 

5.3 

16.3±2.2 

0.082 

11.38 

70 

4.48  ±0.73 

6.3 

17.9±1.3 

0.088 

11.42 

70 

6.83  ±1.19 

6.3 

20.6±2.0 

0.100 

11.49 

70 

8.20  ±0.66 

8.0 

25.7  ±1.1 

0.124 

11.S4 

70 

8.20±0.88 

7.5 

25.4  ±1.6 

0.122 

11.60 

70 

4.33±0.57 

8.6 

19.6±1.2 

0.095 

11.66 

70 

6.23±0.67 

8.1 

22.9  ±1.2 

0.109 

11.71 

70 

5.75±0.80 

7.7 

21.8±1.4 

0.101 

11.78 

70 

6.05±0.80 

10.7 

25.0±1.S 

0.116 

11.82 

70 

4.30±1.04 

9.6 

21.3±2.1 

0.098 

11.38 

70 

3.63  ±1.08 

9.5 

19.5  ±2.4 

0.039 

11.92 

70 

1.85±0.87 

9.9 

16.2±1.7 

0.073 

11.98 

70 

1.5S±0.74 

12.4 

17.7  ±2.0 

0.079 

12.04 

70 

2.99  ±0.87 

12.3 

21.2±  1.6 

0.093 

12.09 

70 

3.33±0.97 

10.2 

19 .9  ±2.4 

0.088 

12.16 

70 

4.60  ±1.08 

11.6 

24.3  ±2.3 

0.105 

12.23 

70 

1.88  ±0.81 

13.0 

19 .4  ±2.1 

0.083 

12.35 

70 

2.05±O.S4 

12.3 

19.5±2.2 

0.082 

12.42 

70 

5.71  ±0.94 

14.0 

29.4±1.8 

0.122 

12.47 

70 

5.91  ±1.14 

14.4 

.30.0  ±2.3 

0.124 

12.54 

80 

1.85±0.64 

12.0 

. 

12.58 

80 

1.3S±0.ai 

10.2 

12.66 

80 

1.38±0.57 

8.6 

12.74 

SO 

1.28±0.64 

12.86 

SO 

0.60  ±0.40 

13.01 

80 

0.27  ±0.50 

*Assumiog  that  ^Zr  and  ’^Zr  have  equal  cross  sections  below  3.68  MeV  and  that  only  **Zr  contributes  above  3.68  MeV. 
The  listed  errors  include  only  the  effects  of  the  statistical  uncertainty  in  the  number  of  scattered  y rays. 

^The  photoproton  cross  sections  were  calculated  from  the  graphs  of  the  >,yo  reaction  in  Refs.  19  and  20.  An  isotropic 
angular  distribution  was  assumed.  The  cross  section  in  Ref.  20  was  used  to  obtain  an  absolute  scale  for  the  data  of  Ref. 
19  near  12-MeV  excitation.  In  accordance  with  a private  conunuitication  from  Rauch,  it  was  assumed  that  the  detec- 
tor used  in  Ref.  19  decreased  in  efficiency  with  increasing  energy  by  5%  per  MeV.  Above  11.95  MeV,  the  photoproton 
cross  sections  are  averages  of  the  precise,  very  good  resolution  data  of  Ref.  20  over  100-lceV  intervals;  the  relative 
cross  sections  in  this  energy  region  should  have  negligible  error.  The  reliability  of  the  relative  cross  sections  at  lower 
energy  appears  to  be  of  the  order  of  or  less  than  10%.  For  example,  there  are  local  maxima  at  about  11.36,  11.45,  and 
11.63  MeV  which  are  about  10%  and  which  appeared  in  both  the  0 and  90*  data  of  Ref.  19;  on  the  other  hand,  the  0 and  90* 
data  differ  from  each  other  by  about  10%  in  the  energy  range  covered.  The  absolute  cross  section  was  estimated  to  have 
an  uncertainty  of  20%  in  Ref.  20.  However,  near  12.4  MeV,  the  absolute  cross  section  of  Ref.  21  (which  is  also  estimat* 
ed  as  being  correct  to  within  20%)  is  about  1.5  times  the  value  given  in  Ref.  20. 
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Fig.  15.  Ratio  versus  atomic  number  A.  Here  is  the  level  density  parameter  taken  from 

the  neutron  resonance  work  of  refs.  and  a,  is  the  level  density  parameter  derived  from  the 
present  (y,  n)  work.  Filled  circles  represent  points  where  nuclei  in  the  neutron  resonance  and  in  the 
(y,  n)  experiment  were  the  same.  Open  circles  represent  points  where  the  respective  nuclei  were 
approximately  matched.  Triangles  represent  points  which  are  based  on  measurement  of  neutron 
mean  energies  at  two  bremsstrahlung  energies  only. 
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Target  (V  Goodness  £«(24)  T o,  o.bi 

(residual  of  fit")  (MeV)‘)  (MeV)<)  (MeV)* *)  (MeV)') 

nucleus)  *)  „o  with 


p.c.  p.c. 


Y 

49 

100% 

G 

G 

1.30 

14.9-»*Y 

10.I7-»«Y 

0.68 

Zr 

49 

52% 

F 

F 

1.28 

16.0-»®Zr 

12.2  -“Zr 

0.77 

SO 

11% 

“ 

17% 

53 

17% 

55 

3% 

Nb 

51 

100% 

F 

F 

1.28 

19.6-»*Nb 

13.15-*‘Nb 

0.68 

Mo 

49 

16% 

G 

G 

1.27 

16.5-’»Mo 

14.7  -”Mo 

0.89 

51 

9% 

52 

16% 

53 

17% 

54 

10% 

55 

24% 

57 

8% 

Ag 

59 

51% 

V.P. 

F 

1.27 

0.55 

18.6-*®’Ag 

15.6l-‘»»Ag 

0.84 

61 

49% 

Cd 

57 

1% 

V.P. 

F 

L24 

0.54 

20.9-*  “*Cd 

17.0  -"*Cd 

0.82 

61 

12% 

62 

13% 

63 

24% 

64 

12% 

65 

29% 

67 

8% 

In 

63 

4% 

V.P. 

F 

1.26 

0.57 

17.0-"*ln 

16.66-#“ln 

0.98 

65 

96% 

Sn 

65 

14% 

V.P. 

V.P. 

1.38 

0.73 

14.5-“  *Sn 

15.9  -“*Sn 

1.09 

(Z  = 50) 

66 

8% 

67 

24% 

68 

9% 

69 

33% 

71 

5% 

73 

6% 

Sb 

69 

57% 

V.P. 

P 

1.2 

0.68 

19.2-*“Sb 

17.0  -*“Sb 

0.89 

71 

43% 

Te 

69 

2% 

V.P. 

F 

1.36 

0.83 

15.0-'“Te 

17.0  -**n‘e 

1.13 

71 

5% 

72 

7% 

73 

19% 

75 

32% 

77 

34% 

I 

73 

100% 

F 

G 

1.23 

0.70 

I7.0-“»l 

17.02-***! 

1.00 

’)  Neutron  numbers  and  abundances  of  respective  residual  nuclei  in  {y,  n)  experiments. 

*’)  These  give  an  assessment  of  the  goodness  of  fit  of  a calculated  versus  Ea  curve  to  the 
observed  data,  using  the  Fermi  gas  level  density  formula  hi>th  without  and  with  pairing  corrections. 

‘)  Bremsstrahiung  photoneutron  mean  energies  £„  (or  peals  brernsstrahlung  energy  £o  = 24  MeV. 

")  Nuclear  temperature  from  fit  with  constant-temperature  !\>rmula. 

*)  Level  density  parameter  a,  derived  from  the  present  (.■,  n)  experiment,  using  a Fermi  gas 
formula  plus  pairing  correction,  and  corresponding  residual  nucleus  (the  atomic  weight  shown  is 
the  weighted  average  of  atomic  weights  of  the  respi  ctive  isotopes  present). 

')  As  column  7,  but  using  data  on  n-resonance  absorption  from  refs.  ‘•’). 

•)  Measurements  of  £,(£«)  for  these  nuclei  were  maile  only  for  £o  = 21,  23  and  24  MeV. 
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Measured  isomer  production  ratio. 
Spin  cut  off  < 1.5 


Tabu  1 

Spins  and  half-lives  of  isomeric  states 


Target 

nucleus 

Spin  of  iso- 
meric states 

Half-life 

Modes  of  decay 
(used  for  de- 
tection) 

Detection  method 

••K 

0* 

0.95  sec 

{looy^ 

y-y  fast-slow  coincidence  (resolving 
time  0.2  and  2 /isec) 

} 

3* 

7.7  min 

(>  99  %) 

y-y  coincidence 

"Zr 

k- 

4.3  min 

y (93  •/.) 
(1.7%) 

Nal  (well  type)  spectrometer  cen- 
tered on  the  0.588  MeV  y ray  line 
y-y  coincidence 

y = 0 

!* 

79  h 

(30  %) 

y-y  coincidence 

"Mo 

i- 

66  sec 

y (57  %) 
(38  %) 
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Figure  7;  Work  based  on  separation  of 
913  keV  7 (79  hour)  from  588  keV 
(i<-,4  min).  Rise  in  *'c”  above  I8.5 
MeV  probably  comes  from  Zr91-(7,2n)Zr^ 
ground  state. 


Zr^  - 51.5?^ 

Zr^l  - I7.ljt 

Zr^Z  - 17.i^^ 
Zr^^  - 2.85^ 


Fro.  7.  Relative  cross  sections.  Curve  A is  the  cross  section  for 
the  formation  of  the  79-hour  activity.  Curve  B the  formation  cross 
^tion  of  the  4.4-minutc  activity,  .and  Curve  C the  direct  pro- 
duction cross  section  of  the  79-hour  activity. 
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Fig.  5.  Cross  sections  for  the  (y,»)  reactions  in  zirconium 
isotopes.  Short  dashes  Zr“,  ioni;  dashes  Zr“,  full  curve  Zr”.  The 
previously  published  Zr”  and  Zr”  results  have  been  recomputed, 
tokin;;  into  account  the  present  Zr”  measurements.  The  single 
and  double  slash  marks  on  each  curve  represent  the  locations  of 
the  (y,pn)  and  (7,2»)  thresholds  respectively.  The  units  of  the 
ordinate  are  10~”  cm*. 


T.tDLC  III.  Parameters  of  giant-resonance  cross-section  cur\  es 
for  (-,■,»)  reactions  in  nuclei  near  50  neutrons.  Xuciides  -.is”, 
4iNb”,  and  uKh'”  from  reference  4.  ,oZr”  and  4oZr”  from  reference 
5 recomputed  in  present  work.  Xcutron  number  is  shown  in 
column  2,  location  of  peak  cross-section  value  in  column  5.  peak 
cross-section  value  in  column  4,  half-height  width  of  curve  in 
column  5,  and  area  under  curve  from  threshold  to  23  .Mev  in 
column  6. 
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Fig.  3.  (y,n)  cross  sections  for  Zr“  and  Zr*‘.  The  ordinate  scale 
is  in  millii)arns  (10~*'  cm>).  The  points  shown  are  those  calculatea 
from  the  yield  ilata.  The  solid  curves  are  drawn  to  tit  the  points. 
The  dashed  curve  is  the  cross  section  reported  (see  reference  S) 
for  the  production  of  the  isomeric  state  of  Zr*’  hy  photon  bom- 
bardment of  natural  Zr.  The  locations  of  the  thresholds  lor  various 
reactions  in  the  two  isotopes  are  indicated  by  the  arrows. 


FORM  NBS>4)8 
(S-I-S3) 

uscOMM'OC  issse-Pes 


PHOTONUCLEAR  DATA  SHEET  328 


U.S.  OEPARTMENT  OF  COMMERCE 

NATIONAI.  BUREAU  OF  STANOAROS 


J.ll.  Carver,  G.C.  Coote,  T.R.  Sherwood 
Nuclear  Phys.  (l9o2) 


Elein.  Sym. 


It 


90 


4o 


Method 


30  MeV  electron  synchrotron;  activation;  Nal 


kef.  No. 

62  Ca  1 


JHH 


HrAccion 


E Of  AE 


<7d  E 


J » 


Nofes 


„ 90  \ Bremss. 

Zr^  {y,Ti} 

30 


1 

tggaggifl_aatloa  (r.n)  reaatla.ia 


Sostdaai  Nueleoe 

Zimar  ratio 

J 

Growd  state 

lAitastable  a«at4 

TTatcrt 

t 3?ts 

- Y7(r,  * Tj) 

• 

ftaeleos 

9pin|a.if.iir« 

Spin  Half-Ufe 

C<|5» 

T/*' 

a-' 

71.Jd 

5" 

9.2h 

i 

0.44  ♦O.CS 

3.2  t®.. 

0.7* 

0* 

0.TJ 

1/2*  I 

6te 

7/2* 

49. 

' 0.46  ♦O.Of 

2.*ta.‘ 

jA’ 

ar® 

1*  1 

iao 

5’ 

4^ 

i 

0.32  e0.ee 

6.5*1.: 

0* 

ar« 

9/2* 

644 

1/2- 

70a 

1 7/2* 

; 0,36 10.07 

2*2  tO.A 

0* 

*,89 

9/2*1 

79, 

1/2- 

i 

1 

0.53  i0.ia 

2.6eO*T 

„,52 

0 

u.” 

9/2*! 

l5*7o 

1/2* 

66a 

1 

. 0.46*0.04 

1/2' 

1*  i 

24a 

6 

9-Jd 

: 0.04*0.02 

2.0t0.5 

I."’ 

9/2* 

In”* 

1*  i 

14*  3a 

2fl.7-. 

; 

1 0,8  *0.1 

3.1 1®"! 

0* 

ai”5 

1/2* 

!» 

11/2- 

4,1 

■ ^ 0.2 

C5 

c’* 

a” 

c.’”;  3/a*| 

1.U 

11/2- 

55s 

1 

1 

, 0.  06  *0.01 

2.5  t<M 

! H.’* 

a- 

...  L.. 

1/2“' 

* 

65h 

15/2"’ 

24k 

' 3/2* 
■ 3/2 

1 3.05*0.01 

3.4t«.5 

Pr«vioujt_jrark 


5A": 

«r“ 

r : 

! Ite  1 

5*  . 

3-e  2- 

0.35 

' «.5 

a*  j 

Is."  i 

1/2*1 

j 18a  1 

t 7/2*; 

57o  1 

C.5 

3.0 

a*  ! 

12,39  ! 

9/2* 

7» 

1/2*; 

^ 3^ 

1 :.44*0.06 

j 4.5  »1 

9/2*1 

’•i 

1 

5* 

504  e 

3.35 

1 5.® 

Th»  yltlds,  oad  T2t  ^ (T»n)  rvafitlaRs  ending  ui  th«  Ijostrlo  • or 

gwni  - stat«»  Th«  yi«id  U for  tho  st..co 


1) 

2) 

3) 

4) 

5) 

6) 
7) 


a) 

9) 

10) 

11) 


12) 


13) 

14) 


15) 


16) 


17) 


18) 

19) 

20) 
21) 
22) 

23) 


RgStaJCES 

J*  Re  and  H.  Tandanboseb*  Phys*  3«r*  ,1^  (19"0)  13^3 

T*  SIrlesoB*  Adrascaa  in  Physics*  2,  (i960)  425 

R.  L«  Allan*  Uoolsar  Physios  (1961)  274 

C.  T.  Hibdoo,  Phys.  Rsr*  (l959)  179 

C.  T.  Hibdon,  Kiys.  Rst.  ^ (196I)  1235 

T.  Srioson,  Ifuelasf  Physios  XI  (1959)  -^1 

J«  S.  Carrtr  and  0*  A.  Jonas*  Huolear  Physios  X2  (i960)  164 

A*  C«  Douglas  and  N.  Uaodonald*  ifuolear  Physics  XI.  (1959)  382 

7«  E2rieson  and  V*  '1»  Scrutinski,  'ruelear  Physios  ^ (i958)  264 

L*  Kats*  It.  Peas#  and  H.  I^oody,  Can*  J.  Phys.  X2  (l952  ) 476 

L.  Xstx*  H*  G,  3akar  and  S.  liontaihatti,  Can-  J.  Phys.  XI.  (1953)  25O 

E*  Silva  and  J*  Goldeabarg*  An.  Acad*  Srasll  Cionos  (1956)  273 

J*  2*  Carvar  and  0*  C.  Paaslas*  Phys*  2ev. 12C  (i960)  2155 

J*  !I*  Blatt  and  V.  F,  ’Jeiasioni'  "Thaoratical  .‘luoleax  Physics" 

New  Yorki  -ilay  (l)52) 

3*  3*  Vefors*  L*  L*  jUrsdan  or!  R.  L.  Heath*  J*3*  Atorio 
Coamlsaion  Report  IDO-I657O  (1958) 

HuelaAT  Rata  Shoots*  National  Research  Council*  'Vashiiurton  (1?60, 
up  to  and  inciudir.t  Set  3) 

R*  Vendenboseh  and  J*  R.  Huizen^a*  Phys*  Rar.  12Q  (i960)  1313 
E.  Weigold  and  R*  Glover,  Nuclear  Physics  (in  press) 

E*  J*  L«  Couteur  and  D*  ff»  Lar^,  Nueloar  Physics  XI  ^1959)  32 
T*  D*  .‘lewton*  Can*  J*  Phys*  XX  (1956)  304 
D*  W,  Lan^,  Nuclear  Physics  £6  (196I)  434 

tS.  E*  Rose,  ''Internal  Conversion  CoeFf leienta" , Aceterdaat  North 
Holland  Publisbifur  Co*  (1958) 

J*  Goldeober^  and  L*  Eats*  Phys*  Rev*  (1953)  306 


form  NB$«418 

«8-1-63» 

USCOMMfOC  18SSe*P63 


PHOTONUCLEAR  DATA  SHEET  329 


u.s.  department  of  commerce 

NATIONAt.  O’  •’G.u  OF  r’-AMDAPC? 


Ref-P.Axel,  K.Min,  N.  Stein,  D.C.  Sutton 
Phys. Rev. Letters  299  (1963) 


Method  Betatron;  bremsstrahlung  monochromator;  photon  scattering; 
Nal  spectrometer 


Elem.  Sym. 

Zr 


Ref.  No. 

63Ax1 


90 


ho 


Reaction 


E or  AE 


ad  E 


J w 


Notes 


Zr^(r,7) 


9.1 
10. if- 
11.5 


( 500  KeV) 


Quasi-elastic  scattering  - poor 
resolution  of  photon  detector  did 
not  separate  high-energy  inelastic 
scattering  from  elastic  scattering. 

Fig. : 155°*<iuasi  elastic  cross 

section. 

Optical  model  considered. 

Natural  target  - assumes  all 

90 

scattering  from  Zr  . 


FORM  NBS-418 
(B*U63) 

USCOMM-OC  185S6*P63 


PHOTONUCLEAR  DATA  SHEET  330 


U.S.  DEPARTMENT  OF  COMMERCE 

NATIONAL  BUREAU  OF  STANDARDS 


REF. 


J.  L.  Black  and  N.  W.  Tanner 
Phys.  Letters  _U,  135  (1964) 


ei-EM.  SYM. 


Zr 


90 


40 


METHOD 

Tandem;  Y (p,y^)Zr 


REF.  NO. 

64  B1  2 


JOC 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

P,G 

RLX 

13-17 

D 5-9 

NAI-D 

DST 

(5.5  - 8.5) 

ANALC^GUE  T = 


Fig.  2.  Angular  distributions  of  Y^^Op.y  )Zr^. 
Upper:  Measured  at  the  peak  of  the  6. IS  MeV  reso- 
nance. Lower:  Measured  at  the  peak  of  the  3.04  MeV 
resonance.  The  full  curves  are  plots  of  the  Legendre 
polynomial  fits  given  on  the  figure. 
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Fig.  la.  Upper;  Energy  levels  of  Y®®  from  Y®®(d,p)Y®®. 
The  energy  scale  has  been  adjusted  so  that  the  groimd 
state  corresponds  to  the  4.32  MeV  bombarding  energy 
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Lower:  Sharp  resonances  observed  in  Y®»^,  YglZr®®. 

The  energy  scale  for  the  tiiree  sections  is  the  same  as 
the  energy  scale  for  the  main  diagram,  lb.  Excitation 
function  measured  at  90°  for  the  Y®®(p,  Yo>Zr®®  reaction. 
Resolution  20  keV.  Ic.  Excitation  hmction  measured  at 
90°  with  150  keV  resolution. 
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FIG.  1.  Differential  cross  section  of  process  **Y{p, 
yg)**Zr  at  90*.  The  errors  shown  are  statistical.  Be- 
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ficiency, absolute  values  are  good  probably  to  with- 
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from  the  data,  (b)  Single  photoneutron  cross  section  for  Zr’*. 
(c)  The  (y,2n)  cross  section  for  Zr".  The  threshold  determination 
of  2Ud:0.1  MeV  determines  the  mass  of  Zr**  (see  teat). 
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Fig.  1.  Photoproton  cross  section  for  3®Zr  calculated 
from  the  energy  distribution  of  the  = 20.0  MeV  bom- 
bardment. The  scale  was  constructed  under  the  assump- 
tion that  observed  protons  correspond  to  ground-state 
transitions.  The  triangles  show  the  energy  resolution. 
The  solid  curve  is  the  cross  section  calculated 

from  the  (p,yo>  data. 
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the  inelaacic  cross-saccions. 

Figure  2 is  a plot  of  »»  Rj  for  2* 

levels  at  2.18  and  3.84  MaV.  The  solid  curves 
are  a theoretical  calculation  using  the  GBROW 
code  with  the  indicated  parameters.  These  sta- 
tes are  not  very  collective  as  may  be  shown 


froa  chair  B(E2)  values.  Figure  3 shows  cha 
fit  for  the  3 state  at  2.74  HaV.  The  collec- 
tive character  of  chit  level  is  emphasized 


The  coaparison  with  the  R.P.A.  description 
given_by  Gillec  is  shown  on  the  cable.  For 
the  3 state  the  Inclusion  of  the  particle 
hole  core  polarization  hat  increased  Che 
B(EL)  by  an  order  of  magnitude.  This  help 
CO  account  for  the  experiment  although  the- 
re is  still  a discrepancy  by  a factor  two 
which  may  not  be  serious  because  Che  B(EL) 
depend  strongly  on  Che  detail  shape  of  Cha 
transition  charge  density.  However,  for  the 
2*,  the  discrepancy  is  much  more  important. 
Thus  it  is  seen  chat  Che  particle  hole  core 
excitation  model  may  account  for  Cha  odd 
parity  state  collectivity  ; however  it  seems 
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are  shown  as  vertical  lines  whose  heights  arc  propor- 
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cmx30  cm  NaI(TI)  crystal.  Points  measured  by  Axel  e,  al.  •)  have  been  included  but  scaled  by  a 
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The  excitation  functions  for  the  reaction  *’Y(p,  yo)’“Zr  measured  at  # = 0°  and  i)  = 90° 
with  an  energy  resolution  of  2 keV. 
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Fig.  7.  Three  point  “angular  distributions'*  for  the  energy  region  E,  = 9-19  MeV. 
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FIG.  2.  (y,p^  and  (y,Pt*Pi)  cross  sections  of  ’’Zr. 
The  vertical  lines  show  the  theoretical  radiative  widths 
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Table  1.  Angular  distributers  of  strong 
proton  groups  on  ^Zr. 
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Fig.  1.  Energy  distributions  of  photoprotons. 

Vertical  broken  lines  and  solid  lines 
indicate  the  position  of  p^  corres- 
ponding to  the  ground  IAS  and  electric 
dipole  IAS  ( 2-^ ) respectively. 
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Table  2.  The  radiative  width  of  main  IAS. 

The  result  is  compared  with  the 
single  particle  unit  (W.u. )• 


Nucleus  S 

(y.-v) 

E 

ex 

(Mc-V) 

w 

r 

yo 

(eV) 

2(t  + i)r 

,(w.u.) 

7 ^ * 

an  • • 

14.0 

23/5C(a) 

60 

0.2 

l4.4 

18/60 (a^ 

90 

0.3 

14.4 

1 (b) 

30 

0.09 

9O2-  6.4 

• y 

16.3 

l/l-4(i) 

CD 

0 

0.4 

(a)  S.  R.  Cosman,  J-  M.  Joyce  and  S.  M.  Shafroth, 
riuol.  Fnys.  A108  519  (1968). 


(b)  Assumption. 

(c)  From  present  data. 

(*)  The  possibility  of  such  method  of  determination  of 
is  al..o  suggested  by  G.  M.  Temmer  (^). 
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International  Atomic  Energy  Agency,  Vienna  p.  237  ('67). 


349 


«£F. 


J.  Beliicard,  P.  Leconte,  T.  H.  Curtis, 
D.  Madsen  and  C.  Bockelraan 
Nucl.  Phys.  A 143 < 213  (1970) 

METHOD 


R.  A.  Eisenstein, 


Zr 


90 


40 


REF.  NO. 


70  Be  2 


egf 


REACTION 

RESULT 

excitation 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  range 

E.E/ 

ABX 

0-4 

D 42-61 

MAG-D  38-61 

DST 

Fig.  2.  Values  of  half-density  radius  c and  skin  thickness  t consistent  with  the  experimental  results 
lie  within  the  cross-hatched  area.  The  solid  line  locates  the  best  fit  (minimum  and  the  dashed  line 
corresponds  to  a fixed  rms  radius  of  4.12  fm. 
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Inelastic  scattering  results 
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hydrodynamicai  model 
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32 
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23/3 

3.84  MeV,  1* 
hydrodynamical  model 
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32.3 

15/5 

Table  4 

Electromagnetic  strengths  in  *°Zr  (s.p.u.) 
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Fig.  3.  Inelastic  scattering  cross  sections  for  excitation  of  2.13  MeV  level  plotted  versus  momentum 
transfer.  The  solid  line  is  the  theoretical  fit. 


Fig.  4.  Inelastic  scattering  cross  sections  for  excitation  of  the  2.74  MeV  level  plotted  versus  momentum 
transfer.  The  solid  line  is  the  theoretical  fit. 
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Tabu  I 

Lorentz  line  parameters  corresponding  to  fits  shown  in  fig.  6. 


Rb 

Sr 

•#Y 

*°Zr 

”Nb 

<Ti  (mb) 

192  =10 

207  ±10 

223  ±10 

211  ±10 

202  ±10 

A (MeV) 

4.1  = 0.13 

4.2±  0.1 

4.1  ± 0.1 

4.0  ± 0.1 

4.7  ± 0.2 

£,  (MeV) 

16.:«=  0.05 

16.7±  0.03 
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16.3±  0.03 

Tabu  3 

Integrated  cross  sections  (the  notation  used  is  defined  in  the  test) 
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dence with  a Nairn)  detector  was  accumulated  for  the  '*Sr(p,y)'*Y  reaction.  The  decay 
sdieme  of  the  states  of  **Y  up  to  an  excitation  energy  of  3.621  MeV  was  determined  and  the 
implications  about  spins  and  parities  are  oonaistent  with  accepted  assignments. 
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FIG.  1.  Presently  accepted  level  schemes  for  **Y  and 
**Zr  taken  from  the  data  of  Van  Patter  (Ref.  8)  and  Ball 
(Ref.  9),  respectively. 
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FIG.  2.  ExciUtioD  functions  for  ’'Sr(^,yJ'*Y  and  ‘*Y(p,yo)®®Zr  over  the  energy  region  =2.3  to  3.0  MeV. 


358 


H.J.  Askln,  J.K.F.  Allen,  R.  Hicks,  R.J. 

and  M. N.  Thomp  son 
PICNS-72,  359  (1972)  Sendai 


METHOD 


Petty 


ELEM.  SYM.  A 


Zr 

REF.  NO. 


72As  10 


hvm 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE 

RANGE 

TYPE  range 

G,P 

SPG 

13-  30 

G 

35 

SGD-D 

90 

6,XN 

ABX 

00 

CM 

1 

G 

11-  28 

BF3-I 

4 PI 

6,XN 

SPG 

12-  15 

G 

1 

o 

CM 

SGI-D 

4 PI 
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and  photoneutron  measurements. 


T"6  states 
observed  in 
’®Zr  Or,p)(MeV) 

14.27 

16.15 

17.17 

19.37 

(20.5)* 

Structure 

observed  In 
*®Zr  (t.nXMeV) 

16.2 

17.2 

19.3 

(20.5)  21.8  23.7 

^observed  by  protons  decaying  to  2nd  excited  state  In 


I 

I 

d 

I 

I 

a 

1 

u 

s 


Cntrgy  tcoM  oHOiwt  ground  ttoit  tran»(an& 


-tt — i — s — (r  % B " n — r — a 8 a » a 


Eicilotion  Entroy  (H«VI 


Fig.  2. 


*®Zr  Photoproton  spectrum. 


FORM  N3S.418 

(RCV.  7-I4r64) 
USCOMM*NBS-OC 


PHOTONUC 


Fig.  3.  Total  photoneutron  cross  section  of  ^®Zr.  359 


REF. 


S.  Fukuda  and  Y.  Torlzuka 

Phya.  Rev.  Letters  1109  (1972) 


ELEM.  SYM. 


Zr 


90 


40 


METHOD 


REF.  NO. 

72  Pu  6 


hmg 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

B,S/ 

FMP 

7-  38 

D 150-250 

MAS-D 

Dsr 

Inelastic  electron  scattering  from  the  giant  dipole  resonance  region  in  ’’Zr  was  mea- 
sured. In  addition  to  the  usual  dipole  resonance  we  have  found  new  resonances  at  14.0 
MeV  and  around  28  MeV.  The  spins  and  parities  and  transition  strengths  of  these  states 
are  discussed. 
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FIG  1.  Spectra  of  photoreaction  and  electron  scatter- 
ing in  ^'Zr.  The  arrows  indicate  the  positions  of  the 
14.0—,  16.65-,  and  23- MeV  peaks. 


FIG.  2.  The  experimental  form  factors  for  the  14.0- 
anl  16.65-MeV  peaks  are  compared  with  the  £2  and  £1 
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Table  1 


Widtbs  of  the  2.186  MeV  level  in  *"Zr  deduced  from  the  various  scattering  experiments 


Type  of  scatierer 

To 

98“ 

Vr  (meV) 
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natural  Zr  metal 

4.90=0.20 

4.96±0.2S 

enr.  *°ZrOa  single  scatt. 

4.61=0.19 

4.90=0.21 

enr.  *«ZrOj(»’Al+*®Zr)  scatt. 

4.84=0.29 

5.15=0.46 

average 

4. 77  ±0.13 

4.95=0.16 

Table  2 

Comparison  of  the  5(E2f)  deduced  from  inelastic  electron  scattering  and  from  resonance 
fluorescence  experiments  for  the  2.136  MeV  2*  state  in  *®Zr 


Method 

B(E2‘)r*  • fm* 

(e.  e')  *)  hydrodyn.  model 

350=19 

shell  model 

1000  ±23 

('/>'/’)  present  work 

608  = 35 

(e,  e')  "l  hydrodyn.  .model 

440=20 

shell  model 

440:r30 
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lAR  are  shown  by  arrows. 
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Fig.  5.  Difference  between  the  photoneutron  energy  spectrum  measurements  obtained  using  24  u'-  d 

20  McV  hremsstrahlung. 


3 

T.A.  Hughes  ec  al. , Nuclear  Isospln,  ed.  J.D.  Anderson  ec  al« 
(Academic  Press,  N.7.  1969)  p. 1G9. 

^J.D.  Vergados  et  al.  , Phys.  Lett.  35B  (1971)  93. 

^M.  Haslnoff  et  al.  , Phys.  Lett.  30B  (1969)  337. 

^K.  Shoda  et  al.  , Phya.  Rev.  Lett.  2^  (1969)  80G. 

L.  Berman  et  al.  , Phys.  Rev.  162  (1967)  1098. 

20 

A.  Lepretre  et  al, , Nucl,  Phys.  A175  (1971)  609. 


367 


PROTON  COUNTS/ BREMSSTRaHLUNG  SPECTRUM 


D.  Brajnlkf  0.  Jamnlk,  G.  Kernel,  M Korun,  U. 

B.  FucelJ  and  A.  Scanovnlk 
PICNS-73,  Vol. I,  p.  539  Aallomar 


METHOP 


Mlklavzlc, 


EL  EM.  SYM.  A 


Zr 

REF.  NO. 


Z 


90 


40 


73  Br  12 


bmg 


EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

reaction 

RESULT 

TYPC 

PAN6K 

TYPE  PANGE 

G.P 

ABX 

8-  24 

C 

14-  24 

SGD-D 

DST 

G.2N 

ABX 

21-  28 

c 

20-  28 

ACT-I 

UKN 

G.NP 

ABX 

19-  28 

c 

20-  28 

Acr-i 

UKN 

Cna*  uettom  far  Ua  rmettoa  tha  raal- 

4ual  aaelaua  ia  axcttaA  ataaaa  bataaaa  I ud  i RaV  (oppar 
diacraa).  Fhataprotaa  eraaa  sactlaa  ta  tPa  (rauod  ttata  at 


71g.2.  Croa*  aaetloaa  for  cb.a  raacttooa  ^Zr(f ,3a tad  ^Zr(|,Qp]^^.  Tha  decay  of  caa 
float  roaooaaea  la  ahaaatleally  aaowa  la  tha  laft  diagraaa 


rOKM  NSS-4U 

IM  CV.  7-1  4.«4I 
USCOMM-NSS-OC 


PHOTONUCLEAR  DATA  SHEET  369 


U.S.  DEPARTMENT  OF  COMMERCE 

NATIONAl.  SUREAUOF  ST&NlOAROS 


REF. 


P.  B.  Cecil,  L.W.  Pagg,  W.L.  Bendel , N.  Ensalln,  K.C.  Jones,  Jr. 
PIGNS-73,  Vol. I,  p. 699  Asllomar 


z 


METHOD 


Zr 


REF.  NO. 


90 


40 


73  Ce  3 


hmg 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

tyre  RANOC 

TYPE  RANOE 

B,K/ 

LPT 

9 

D 37-  61 

MAG-0 

180 

(9.1) 

Ground  state  Ml  transition  width  = 117±23  eV. 


®°ZR(e,eO 


3 

u 

4. 


CHANNEL 


FIG  1 


(over) 


roRM  N3$*418 

(R  CV.  7-1 

USCOMM-NBS-OC 


PHOTONUCLEAR  DATA  SHEET  370 


U.S.  department  OP  COMMERCE 

NATIONAL  eUREAUOP  5TANOAPOS 


208  1 

The  giant  magnetic  dipole  resonance  recently  observed  in  Pb  tends  to  confirm 

2 

the  explanation  by  Vergados  of  the  deviations  from  single  particle  calculations  of 

3 

ntimerous  magnetic  dipole  measurements  in  the  Lead  region.  A recent  measurement  of 

88 

the  Ml  width  of  the  1+  state  in  Sr  similarly  suggests  the  existence  the  giant  Ml 

90  90 

in  Zr.  This  suggestion  is  supported  by  an  assumed  shell  model  structure  of  Zr  of 

a closed  shell  in  the  presence  of  an  open  Within  this 

assumption,  the  ground  state  Ml  transition  strength  will  be  concentrated  in  the  shell 

model  configuration  (gg^2  “ ^ recent  search  , no  evidence  was  found 

for  such  a state  excited  in  inelastic  proton  scattering.  As  such  a non-observance 

may  be  attributed  to  a Serber  like  nucleon-nucleon  effective  interaction,  a subsequent 

search  has  been  has  been  carried  out  using  inelastic  electron  scattering  at  180°. 

90 

In  this  experiment,  a self  supporting  target  of  Isotoplcally  enriched  Zr,  of 
2 

thickness  66  mg/cm  was  bombarded  with  electrons  of  37,  50.5,  and  60.5  MeV/c  inc- 
ident momentum  from  the  NRL  LINAC.  The  spectrum  taken  at  50.5  MeV/c  is  shown  in  fig- 
ure 1.  The  broad  peak  centered  around  channel  110  in  this  figure  is  also  evident 
in  Che  37  and  60.5  MeV/c  data.  This  peak  lies  at  an  excitation  energy  of  9.1  MeV  and 
is  approximately  2.5  MeV  FWHH.  A preliminary  analysis  of  Che  yields  for  this  peak 
at  Che  three  bombarding  momenta  using  the  model  described  by  Fagg  eC.  al.  ^ together 
with  Coulomb  distortion  corrections  ^ indicates  the  peak  to  be  magnetic  dipole  in 
character.  A tentative  value  of  Che  ground  state  Ml  transition  width  of  this  peak 

is  Chen  found  to  be  117  + 23  eV.  In  contrast,  the  predicted  width  of  an  Ml  tran- 

90 

siCion  from  the  ground  state  of  Zr  to  a 1+  state  at  9.1  MeV  whose  shell  model  con- 
figuration is  ( gg^2  “87/2  ^ ^ 
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Fi*.  6.  Leeendre  polynomial  coefficients  obtained  by  fitting  the  **Y(p,yo)**Zr  angular  distributions 
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Fig.  5.  Legendre  polynomial  coefficients  obtained  by  fitting  the  **Y(p,/,,)»“Zr  angular  distributions 
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Fig.  14.  Complete  yield  curve  for  the  reaction  *’Y(p,yo)’*Zr  at  Oy  = 90*.  The  curve  below 
£,  ™ 5.40  MeV  is  a symbolic  representation  of  the  data  from  ref.  **)  which  shows  a great  amount 

of  fine  structure. 
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Inelastic  cross  sections  for  £,  = 209  MeV  on  ’°Zr 
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Energy  lewl  diagram  given  by  ref.  **).  Levels  excited  in  our  experiment  are  shown  with  solid  lines,  dashed  lines  correspond  to  other  levels.  The  ex- 
perimental values  are  normalized  with  the  elastic  cross  sections  calculated  by  a phase  shift  program  using  a 3-parameter  Gaussian  model.  The  param- 
eters (c  =»  4.500,  z = 2.530,  w = 0.200)  arc  obtained  from  tef.  *•). 
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TABLE  H.  Results  of  resonance-fluorescence  experiments  with  ’*Zr. 
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<10 

* The  energies  listed  for  levels  two  to  five  are  those  determined  in  the  present  study.  The 
last  three  energies  are  those  reported  In  Ref.  4. 

^ Reference  13. 


• TABLE  L Comparison  of  experimental  and  theoretical 
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) ) 
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Fig.  1.  The  **Y(p,7)**Zr  excitation  functions  obtained  in 
the  present  experiment.  The  solid  lines  are  Breic-Wigner 
curves  (compare  text). 


7.1  ^ Ml 

•M.CC  2fOtO-0<« 


iN  ev. 
■JSC  o* 


PHOTONUCLEAR  DATA  SHEET  382 


U.S.  3EP*RTNEnT0F  commence 

NATIONAL  aoR£AuOF  STANSaACS 


R€f,  e-  EM.  a z 

K,  Shoda,  M.  Sugawara,  T.  Salco,  and  H,  Mlyase 

Nucl.  Phya.  125  (1974)  ^ 

MCTMOO  "6'  "O. 


74  Sh  6 e^f 


REACTION 

RESULT 

excitation 

ENERCV 

SOURCE 

=E-EC'OB  1 

rvpc  ranqc 

ANO^E 

Type  PAPnSe 

E.P 

ABX 

12-  24 

D 12-  30 

MAG-D  :;3T 

1 

1 

r 

i 

Ep*SuCM*v  GROCP 

^0  30  !20  -80 

3* 


^S3<W  3SCLP 

'3)' 


tool 

1 

:ooj 


i ..M. 

Kf  'N-J 


: sc  to  -90 

9 

03 

> . A 

; 

s- 


£*»4QOV*i/ 


<.  s 3 :o 

Eo  CM^ 


Fi(.  14.  Anfular  Jisinbutions  of  proton  groups  indicalcti  by  haicbing  in  ilic  proton  ipec:r.:m 
which  13  summeii  over  various  angles.  Both  the  dashed  lines  in  the  results  of  groups  A and  3 are 
the  results  of  (p,ya)  for  group  A [ref.  *)].  Tne  dashed  line  in  the  result  of  group  C is  the  <p,  •/,) 

result  of  this  group  ^). 
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respectively. 


Fig.  13.  Angul:..'  distributions  of  proton  groups  in  the  7—1  coherent  resonance  region.  The  groups 
are  indicated  Ir  hatching  in  the  cross  sections.  The  dashed  line  in  the  figure  shows  the  result  of 
(P.  >■»)  in  the  corresponding  regions  *). 
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The  radiative  width  of  the  narrow  El  lAR  obtained  from  the  proton  group  in  the  proton  spectra 


Nucleus 

(MeV) 

(MeV) 

£xi(/*)  r 
(MeV)  ^ r 

r 

r •) 

*r  ' •>fT— 
(eV) 

<4  W 

I' 

2(T^1)^^ 

(P.  ye) 
data 

(eV) 

(eV) 

•»Zr 

14.3 

6.0 

0 (i-) 

36 

26  •) 

0.076 

> 30*) 

ld.3 

16J 

7.9 

6.3 

0 (i*) 
1.31  (|-) 

52) 

126  *) 

0.26 

> 60*) 

•*Y 

13.0*) 

3.9 

0 (0*) 

13 

13*) 

•0.13') 

18x3*) 

14.3  ♦) 

7J 

0 (0*) 

16 

16*) 

0.14') 

11±2*) 

’.5.9*) 

8.7 

0 (0*) 

42 

42  •) 

0.68 ') 

40±8*) 

"Sr 

17.1 

6.3 

0 (J-) 

9.31 

14') 

0.029 

17.1 

5.6 

0.85  ((i-)) 

4.9) 

17.3 

17.3 

6.7 

3.9 

0 (f) 
0.85((i-)) 

30  1 

18  j 

48*) 

0.094 

The  available  data  with  the  (p,  ye)  experiment  are  shown  in  the  last  column. 

*)  The  errors  may  be  as  30%  (fbr  ’*Zr,  **Sr)  and  a:  50%  (for  **Y)  including  the  unceruinty 
of  the  process  to  separate  the  proton  group. 

•)  — 1 was  assumed. 

*)  = 1 was  assumed. 

*)  J’  =>  was  assigned  as  shown  in  ubie  3. 

was  assigned  as  shown  in  table  3. 

')  Correction  was  made  for  the  spectroscopic  factors  on  the  ground  state  and  the  excited  state 
with  the  data  of  the  (He^,  d)  and  (d,  p)  reactions  respectively. 
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Tabu  2 

Th*  pamneten  of  the  angular  distributions  determined  by  the  least-squares  fits  with 
ioliQ  = /<[l-rJsin^9(l-r-J^^] 


••Sr 

»®Zr 

»"Mo 

£.(MeV) 

21J 

22 

20 

^*) 

1 

Z04 

6.67 

B 

as9 

0.69 

0.057 

? 

0-59 

a47 

2J 

*)  Relative  value. 


Fi®.  3.  Differential  (y,  p)  cross  sections  at  9 = 90'  analysed  from  (e,  e'p)  cross  sections  by  the  least 

structure  method. 


Fig.  4.  Angular  distributions  of  protons  from  the  (e,  e'p)  reaction.  The  bombarding  energies  are 
22  and  20  MeV  for  **Sr,  ’*2r  and  **Mo  respectively.  The  best  fit  curves  obtained  with  eq.  (7) 

are  also  shown. 
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Figures  6,  7,  emd  8 also  give  form 
factors  for  other  levels. 


Flgare  3.  A comparison  of  the  high  momentum  transfer  data  of  Phan-Xuan-Ho  er  al 
(1973)  with  the  extrapolation  of  the  fiu  obtained  in  the  present  experiment  to  209  MeV. 
The  parameters  of  the  fit  are  presented  in  table  3. 
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Figured.  Inelastic  form  factors  for  the  3-842 MeV,  2*  (□  and 
3-308  MeV.  2"*^  ( x)  levels.  The  data  points  □ are  those  of  Bellicard  et  al  (1970).  The 
solid  lines  are  the  best  fits  to  these  levels  with  the  model  independent  measurements  ot 
Metzger  (1974)  used  as  constraints  (see  text). 
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TUile  3.  Results  for  the  analysis  of  the  present  data  using  the  Tassie  model. 


Excitation  energy 
(MeV) 

X^/D 
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(fm) 
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(fm) 

(fm) 

5(E£,t) 
(e  *fm^‘) 

B(ELf)/mEL  :).o. 
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2* 

1*16 

4*32 

2*76 

5-82±0-ll 

673  ±59 

5*50  ±0-48 

2*319 

5- 
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2*31 

6*75  ±0-08 

(2-12±0-12)xl0’» 

8-37  ±0-47 
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3- 
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4-34 
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8*74±  1-00x10* 
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4-33 
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2* 
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4*52 
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0-94 
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4* 
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3*1  ±0*7x10* 
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* This  is  a re*analysis  of  the  level  and  the  numbers  are  very  slightly  diflTerent  from  those  in  Singhal  et  al  (1974). 

* The  (n,  nO  point  was  treated  as  a datum  point  for  the  fit  See  text 

* One  datum  point  (Billicard  et  al  1970)  is  contributing  15*2  to  the  x*  function. 

* to  was  fixed  (see  text). 

* The  (y,y0  point  was  treated  as  a datum  point  for  the  fit  Seetext 


Figure  5.  Inelastic  form  factors  for  the  octupole  transitions  studied.  The  transitions 
shown  are  to  the  2-748  MeV  and  O).  the  5-64  MeV  (□)  and  to  the  5-78  MeV  ( x ) 
levels  respectively.  The  solid  circles  for  the  2-748  MeV  level  are  data  points  taken  from 
Bclhcard  et  al  (1970).  Solid  lines  are  the  fits  obtained  by  using  the  Tassie  model. 
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contribution,  also  contributions  of  all  photoneutron 
cross  sections  involving  those  residual  '^Zr  states 
which  subsequently  decay  to  the  first-excited  state.  For 
comparison  the  (y,n  + np)  data  of  LeprOtre  «f  al.  (Ref.  6) 
(continuous  curve)  are  also  shown. 
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FIG.  14.  Cross  sections  integrated  over  angles  for 
processes  studied  in  the  present  work  (data  points)  are 
displayed  with  the  exception  of  the  total  photor.eutron 
cross  section  (solid  curve  in  the  bottom  left  comer  of 
the  diagram)  for  which  the  results  of  Leprhtre  ct  'll . 

(Ref.  6)  are  shown.  The  low-eaergy  parts  of  the  ground 
state  and  total  photoproton  cross  sections  are  taken  from 
Ref.  3 (solid  curves).  In  the  bottom  right  comer  the  sum 
of  the  total  photoproton,  the  (y,2n)  cross  sections  from 
the  present  experiment  and  (y,  r «P)  cross  section  of 
Ref.  6,  is  displayed.  It  represents  to  a good  accuracy 
the  total  photoabsorption  cross  section. 
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FIG.  13.  Cross  sections  for  the  reactions  ’•ZrtT'.sp? 
•*Y  and  ’*2ri‘y,  2«)**Zr.  A comparison  of  present  results 
for  the  cross  section  of  the  reaction  *'*Zriy,  2*)“Zr  with 
the  data  of  Lepretre  et  al.  (Ref.  d)  and  Berman  et  ai. 
(Ref.  1)  is  given  In  the  lower  diagram.  The  solid  line 
is  drawn  arbitrarily  through  data  points  of  the  present 
results.  The  decay  scheme  shows  the  decay  modes 
used  for  the  determination  of  the  cross  sections  (upper 
diagram). 
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FIG.  3.  Differential  90*  cross  section  for  the  (Y.PrJ 
reaction  and  differential  summed  cross  sections  Tor 
reactions  involving  various  regions  of  excitations  in  the 
residual  nucleus 
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FIG.  8.  A comparison  of  present  results  for  the 
'*2r(y,/.)*»Y,  .i_j  cross  section  with  the  data  of  Shoda 
«f  of.  (Ref.  4). 
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FIG.  4.  Legendre  polynomial  coefficients  for  the  angu- 
lar distributions  of  protons  in  the  reaction  ’“Zriy.pol^^Y 
obUinedfrom  differential  cross  sections  for  the  angles 
30*,  90*,  and  ISO*  assuming  an  angular  dependence  of 
the  form  IF(9)  =2J'jA,F,(cose).  Cross  sections  for  par- 
ticular angles  were  determined  from  measured  spectra 
by  means  of  a least-squares-fit  analysis  iRef.  13).  0> 
the  top  diagram  present  results  for  a = 4*A(j  (data  points) 
are  compared  to  the  data  of  Refs.  11  and  8. 
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FIG.  6.  Legendre  polynomial  coefficients  for  the  an- 
gular distribution  of  protons  in  the  reaction  ^Zr(y.p) 
®’Y*  involving  excited  states  of  ”y  with  energies  up  to 
3 MeV.  See  Fig.  4 for  other  details. 


ed  isomeric  state  of  ®®Y.  The  cross  section  is  obtained 
from  a Penfold-Leiss  analysis  of  the  0.909  MeVy-ray 
activation  yield.  Here,  besides  the  direct  (y,/»j)  cross 
section,  also  contributions  from  states  decaying  to  the 
0.909  MeV  state  are  contained.  In  particular,  ciy.pf) 
incorporates  0’(y,p5,.5^j^,)  and  70%  o(  involving 

”Y  states  at  2.529,  2.568,  2.622,  2.871,  and  2.220  MeV. 
respectively. 
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FIG.  9.  Integrated  cross  section  over  angles  and 
other  Legendre  polynomial  coefficients  for  the  photo- 
proton reaction  channels  leading  to  excited  states  in 
**Y  of  energies  3—5  MeV  (see  Fig.  4 for  other  details). 
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FIG.  5.  A comparison  of  present  results  for  the 
Legendre  polynomial  coefficients  of  the  reaction  *®Zr- 
{y,Po)**Y,.v  with  the  data  of  Refs.  3 and  8. 
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FIG.  10.  Same  as  Fig.  9 for  excitations  of  5—7  MeV. 
Odd  Legendre  polynomial  coefficients  are  not  shown  due 
to  large  errors. 


TABLE  L Integrated  cross  sections  for  various 
photonuclear  reaction  channels. 
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FIG.  11.  Total  photoproton  cross  section  obtained  by 
summing  the  contributions  shown  in  Kigs.  •{,  G,  9,  and 
10  (data  points)  is  compared  to  the  corresponding  data 
of  Shoda  et  al.  (Ref.  9).  The  shaded  area  represents 
experimental  errors  quoted  in  Ref.  9. 
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The  multipole  expansion  of  the  inelastic  electron  scattering  continuum  in  ^*^Zr  yields  an  E2-like  structure  which 
involves  a giant  monopole  resonance  at  17  MeV  with  a width  of  4 MeV. 


Fig.  1.  Differential  total  form  factor  lh'(^,£x)l^  at  183  MeV 
35’,  transverse  part  llt'xl*(l/2  + tan^9/2),  and  \W\Jiq,  £x)** 
corresponding  to  £1,  £2,  £3  and  £4  ES  £6  are  shown, 
where  |WI*,i  WlI^,  and  IWtI^  are  defined  in  tef.  (16).  The 
scale  at  the  right-hand  side  indicates  B(EL)  values  in  units 
of  fm^^/MeV  and  at  the  left-hand  side  form  factors  in  units 
If  10-^/MeV. 
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New  detailed  angular  distribution  measurements  are  presented  for  *®Y(p,v^)”Zr  above 
the  giant  dipole  resonance  (Z4  MeV  «27  MeV).  which  show  pronounced  effects  of  high- 
er multipoles.  Direct-semidirect  calculations  provide  a good  description  of  the  data  by 
including  £2  and  £3  as  well  as  £1  radiation.  The  sensitivity  of  the  reaction  to  a T = 1 
giant  quadrupole  resonance  is  demonstrated. 


FIG.  1.,  Angular  distribution  coefficients  for 
yol'^Zr.  Crosses  and  open  circles,  present  measure- 
ments of  Ojisee  text);  solid  dots,  previous  measure- 
ments of  An,a^,  and  (Refs.  14  and  15)  (AqSoio  and  a^ 
sqj  for  £p  14  MeV).  The  curves  represent  calculated 
Oj;  the  £1  curve  includes  both  direct  and  semidirect 
(GDR);  £2  and  £3  are  direct  only,  except  where  semi- 
direct £2  (GQR)  is  indicated. 
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FIG.  2.  Angular  distribution  coefficients  extracted 
from  LLL  data.  See  text  and  Fig.  1 caption  for  signifi- 
cance of  curves. 
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Tlie  location  of  the  M2  giant  resonance  in  **Si,  ®°Zr  and  *°*Pb,  predicted  within  the  framework  of  the  MSI-RPA  par- 
ade-hole  model,  has  been  confirmed  by  high-resolution  inelastic  electron  scattering  (E^  • 444“’  MeV).  The  fragmented 
M 2 strength  distribution  can  only  be  described  assuming  a mass-dependent  quenching  of  the  intrinsic  gj  factor.  This  has  the 
. I’^-.equence  that  the  long  sou^t  Ml  strength  is  much  reduced  in  heavy  nuclei,  an  effect  which  is  supported  experimentally. 


Excitation  Energy  /MeV 


Fig.  1.  The  left  part  shows  selected  (e,  e')  spectra  on  *®Si.  ’°Zr  and  ^°*Pb  at  various  energies  but  all  at  9 = Ibo".  The  2*  states  n 
marked  by  arrows.  The  right  part  displays  the  model  prediction  for  the  .M2  strength. 
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Analysis  is  made  of  reactions  interfering  with 
photon  activation  analysis  procedures. 


The  activation  yield  curves  have  been  presented  for  a number  of  photonuclear  reactions  in  the  energy  range  from  30  to 
68  MeV,  in  order  to  evaluate  quantitatively  the  interferences  due  to  competing  reactions  in  multielement  photon  activation 
analysis.  The  general  features  of  the  yields  as  functions  of  both  target  mass  number  and  excitation  energy  were  elucidated 
from  the  data  obtained,  discussion  being  given  on  the  results  in  terms  of  the  reaction  mechanism. 

Simultaneous  neutron  activation  due  to  appreciable  neutron  production  from  the  converter  and  surrounding  materials 
has  also  been  studied,  and.  finally,  the  magnitudes  of  interferences  in  real  multielement  analysis  were  given  in  the  form 
of  their  energy  dependences. 
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Fig.  2.  Yield  per  equivalent  quanta  versus  target  neutron  num- 
ber. 


Rg.  7.  Activation  yield  curves  for  the  reactions  on  Y.  Zr.  Nb 
and  Mo. 
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Rg.  9.  Yields  of  the  (y,  n)  reactions  as  a function  of  brems- 
strahlung  maximum  energy  and  target  mass  number.  The 
numerical  values  in  the  figure  are  yields  per  equivalent  quanta 


in  mb. 


Fig.  II.  Yields  of  the  (y.  pn)  reactions  as  a function  ofbrcms- 
strahlung  maximum  energy  and  target  mass  number.  The 
numerical  values  in  the  figure  are  yields  per  equivalent  quanta 
in  mb. 
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Spectra  shown  in  the  paper  BML,  21  LEVELS 

Abstract:  High-resolulion  (FVV'HM  « 30  keV)  inelastic  electron  scattering  on  ***Zr  at  low  momentum 
transfer  |0.20<4  <0.62  fm~')  has  been  used  to  study  magnetic  transitions  at  excitation  energies 
£,  “ 8-10  MeV.  The  expenmental  data  were  analyzed  in  the  distorted-wave  Bom  approximation 
(DWB  A)  with  wave  functions  calculated  in  the  random  phase  approximation  (RPA).  Three  » 1 * 
states  have  been  identified  £,  • 8.233.  9.000  and  9.371  MeV.  There  is  some  indication  of  further 
very  fragmented  dipole  strength  and  the  upper  limit  for  the  total  Ml  strength  in  the  investigated 
energy  region  is  SS(M1)T<2.5  mx.  It  is  much  smaller  than  any  theoretical  prediction.  Funher- 
more.  a large  number  of  2”  states  has  been  .observed,  with  the  center  of  gravity  located  at 
£,»9  MeV.  These  states  carry  a total  strength  of  Sfl(M2)T“  1000  ii*  • fm*.  Their  strong  frag- 
mentation is  in  qualitative  agreement  with  theoretical  calculations,  but  the  deduced  strength  is  much 
smaller  than  theoretically  predicted.  In  addition  the  distributions  of  spacings  and  radiative  widths  of 
the  2"  states  are  consistent  with  a Wigner  and  a Porter-Thomas  distribution,  respectively. 


NUCLE.AR  REACTIONS  *®Zr(e.  e’l,  £»  24-66  MeV;  measured  <7iE,9).  *°Zr  deduced 
levels,  transition  strengths.  Shell-model  calculations. 
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Levels  observed  in  the  present  experiment  and  multipole  assignment  due  to 
comparison  with  the  theoretical  calculations  described  in  the  text 
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The  exatation  energies  are  uncertain  to  3-10  keV  and  the  number  of 
parentheses  around  values  indicate  the  ambiguity  in  the  assignments. 
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Fig.  8.  Excitation  function  of  four  /'  = 2*  states.  The  experimental  data  are  compared  to  \fSI  model 

calculations. 


Fig.  II.  Experimental  form  factor  for  the  state  at  = 8.494  MeV  compared  to  the  different  shapes  of -the 
theoretical  form  factor  predictions  for  = 1“  and  /'  = 1*  states,  respectively.  The  theoretical  Ml  form 
factor  is  scaled  to  obtain  a ground-state  radiative  width  of  = 1.6  eV  as  quoted  in  ref.  obviously  in 
disagreement  with  the  experimental  finding  which  is  consistent  with  an  El  assignment  to  the  transition. 
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The  **Sda,7’j'*Zr  retction  has  been  studied  over  the  energy  range  9.0  S 12.2  MeV;  there  was  no  detectable 
yield  below  9 MeV.  Data  were  taken  at  three  angles,  thus  making  it  possible  to  decompose  the  radiation  into  its  £ 1 
and  £2  components.  The  £1  yield,  which  is  at  least  SS%  of  the  total,  shows  a broad  peak  centered  at  an  exciution 
energy  of  about  17  MeV.  Utilizing  Hauser-Feshbach  calculations,  the  magnitude  and  shape  of  the  £1  yield  is  shown 
to  be  consistent  with  the  £ 1 capture  proceeding  entirely  through  the  compound  nucleus.  The  £2  yield  is  small  at 
the  lower  bombarding  energies,  but  appears  to  be  significant  above  about  £|**Zr*)  « 16.2  MeV.  Any  observed  £2 
cross  section  is  shoam  to  be  much  too  large  for  the  reaction  to  proceed  mainly  through  the  compound  nucleus. 


^CtJIAR  REXcTIONS  *Sr(a,y,)S*Zr,  9a£,s  12.5  MeV;  oMasured  £,] 

[_  d(r/dn(9,£,);  deduced  0£|(y,ag),  J 


FIG.  3.  Yield  curve  at  90*.  The  alpha  energy  U the 
mean  energy  in  the  target.  Data  ore  from  different 
runs  spread  over  about  a year  and  the  error  bars  indi- 
cate the  estimated  uncertainties  In  the  absolute  cross 
sections.  The  estimated  errors  in  the  relative  cross 
sections,  as  far  as  angular  distributions  are  concerned, 
are  about  one  half  of  the  absolute  errors. 
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FIG.  S.  Total  £1  absorption  cross  section  calculated 
from  the  measured  £1  capture  under  the  assumption 
dtat  the  entire  reaction  proceeds  through  the  compound 
nucleus.  Also  shown  is  the  measured  total  absorption 
given  in  Ref.  10. 


FIG.  6.  Solid  lines  are  the  £2  fy.Og)  cross  section, 
obtained  from  the  observed  £2  capture  by  detailed 
balance.  The  cross  hatching  indicates  an  upper  limit. 
Solid  curve  is  the  compound  nucleus  £2  (y,a^  expected 
from  a 4-MeV  wide  resonance  centered  at  14.  S MeV. 

The  broken  curve  is  diat  calculated  for  a direct  reaction 
proceeding  through  a giant  quadrupole  state  that  has  a 
40^  *Sr-^a  component.  Dotted  curve  is  the  gamma-ray 
absorption  cross  section,  divided  by  100,  expected  for 
a 4-MeV  wide  resonance  centered  at  14. S MeV. 
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The  (e,a)  cross  section  in  ’®Zr  has  been  measurea  at  incident  electron  energies  from  13.3  MeV  to  66.3  VIRT.  PHOTON  ANAL 

MeV  for  a particles  between  6.9  and  16.8  MeV.  The  (y,a)  cross  section  was  deduced  from  it  assuming  both  

£1  interaction  and  £2  interaction.  The  angular  distribution  of  the  (y.Oo)  cross  section  and  an  experiment 
using  the  bremsstrahlung  plus  electron  beam  make  it  clear  that  the  £ 1 interaction  is  dominant  over  all  the 
present  energy  range.  The  (y.a)  cross  section  extracted  by  using  £1  virtual  photon  spectra  has  a large 
bump  above  the  excitation  energy  of  30  MeV  in  addition  to  a bump  in  the  giant  dipole  resonance  region. 

The  (y.Oo)  cross  section  also  has  a bump  at  the  giant  dipole  resonance  which  exhausts  most  of  the  (y.a) 
cross  section  in  that  region.  The  compound  nucleus  model  was  used  successfully  to  explain  the  bump  at  the 
giant  dipole  resonance.  The  cross  section  above  30  MeV  is  discussed  in  terms  of  the  pre-equilibrium  a 
emission  process  combined  with  the  quasi-deuteron  model. 


NUCLEAR  REACTIONS  **Zr(tf,a).  £,=  13.5-66.S  MeV;  measured  dole, a )/</0, 
deduced  dd<y,a)/d(]  and  do(y.a^/dn.  Angular  distributions;  (y,  a,)  at  £,=  17.S 
MeV  and  (r.a)  at  £,=>40.0  MeV,  6^=45—135’.  Experiment  using  electron  plus 
bremsstrahlung  at  £,-60.0  MeV.  Calculations,  compound  nucleus  model,  and 
pre-equilibrium  exciton  model  combined  with  quasi-deuteron  model. 


FIG.  4.  (e,o)  energy  spectrum  of  ’'’Zr  at  9 = 90°,  for 
£,=  55  MeV.  Alpha-particle  energy  was  corrected  for 
energy  loss  in  half  target  thickness. 


FIG.  5.  Differential  cross  section  of  the  (e,u)  reac- 
tion at  9 = 90°. 


FIG.  6.  Photoalpha  differential  cross  section  of  *‘*2r 
(closed  points)  analyzed  from  the  (e,a)  cross  section  in 
Fig.  5 and  S“Zr(y,  Oj)  differential  cross  section  (open 
circles),  at  o = 90°.  £1  interaction  only  was  considered 
in  these  analyses.  The  value  of  for  the  total  (>,  <a) 
cross  section  was  calculated  (or  the  cross  section 
smoothed  by  eye.  Solid  line  shows  ***Zr(y,/i)  cross  sec- 
tion. 
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FIG.  9.  ’*2r(e.o)  cross  sections  divided  into  four 
parts  with  particular  a-particle  energies. 


FIG.  13.  Alpha-particle  angular  distributions  at  E 
*40  MeV.  * 
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Spectra  of  37^  and  60.6  MeV  electrons  scattered  at  180*  constitute  evidence  for  very  low  ob- 
servable  Ml  transition  strength  and  significant  M2  transition  strength  in  the  9 MeV  exdtation 
energy  region  of  ^°Zr.  This  is  consistent  with  recent  high  resolution  results  of  other  workers  at 
more  forward  angles. 


NUCLEAR  REACTIONS  ”Zr(e.e').  Eq-3: 
do/dn  al9-180*. 


oxcTMON  uotemM,  uiw* 


FIG.  1.  Inelastic  cross  seaion  spectrum  of  37.2  MeV  elec- 
trons scattered  at  180*  from  ^r. 


60.6  MeV;  measured 


a£CTRON  MOMENTUM.  M*V/C 


no.  2.  Inelastic  cross  section  spectrum  of  60.6  MeV  elec- 
trons scattered  at  180*  from  ’°Zr. 


FORM  MSS>4lg 
IP  ev.  T-l  fc«4l 
uSCOMMrOC  2«0t0-P«4 


PHOTOHUCLEAR  DATA  SHEET  404 


-.3.  OEPARTMCnTO?  COMMcPC.i 
NATtONAU  BUREAU  OP  STA.';0AN3S 


=r,  F.Z.  Khien,  N.K.  Zui,  N.T.  An 
Yad.  Fiz.  35.  257  (1982) 

Sov.  J.  NucT.  Phys.  35,  145  (1982) 


EL  EM.  SYM. 

Zr 


90 


40 


method 


REF.  NO. 

82  Kh  2 


egf 


reaction 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TVPC  RAN«K 

TVPC  RANOe 

G.N 

NOX 

12-14 

C 14 

ACT- 1 

4PI 

ISOMERIC  RATIO 

The  method  U developed  for  calcuUdon  of  the  isomeric  ratio  for  the  case  of  low  exciution  energy  of  the 
residual  nucleus,  and  the  isomeric  ratio  is  measured  in  the  |n . 2n  | and  ly,  n ) reactions  in  the  neutron-deficient 
nuclei  '"Mo,  '^r,  **Sr,  and  ’*Se.  The  good  agreement  between  the  experimental  and  theoretical  results  on  the 
(y,  n)  reaction  has  confirmed  the  reliability  of  the  characteristics  of  the  residual  nuclei,  the  transmission 
coefficients  of  the  emitted  neutrons,  etc.,  used  in  the  calculations.  From  study  of  the  In,  2n  | reaction  we  have 
obtained  values  of  the  parameters  of  the  spin  dependence  of  the  level  density  of  the  nucleus  in  the  excitation- 
energy  region  — 14  MeV. 


PACS  numbers;  23.201  -f  y,  23.4QiGr,  27 JO.  + e,  27.60.  + j 


TABLE  ni.  Isomeric  ratio  In  the  fy,n)  reaction. 
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'’in  parentheses  we  have  given  the  values  of  the  bremsstrah-  ' 
lung  maximum  energy. 

**In  the  calculations  we  used  the  ’^Se  level  scheme  of  Ref.  2, 
/.=  7/r  and  f„  = l/r. 

* In  the  caiculatione  we  used  the  level  scheme  of  ^Se  in  Ref.  3. 
/,=  9/r  and  /,  = 3/r. 
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No  Corrections, 


[NOTE:  Figure  5 - Ref  8:  Katz, 

Baker,  Montalbetti,  Can.  J.  Phys. 

250  (1953)] 


Fig.  3.  (-/,«)  cross  sections  for  Zr“  and  Zr*‘.  The  ordinate  scale 
is  in  millibarns  (10"*^  cm*).  The  points  shown  are  those  calculated 
from  the  yield  data.  The  solid  curves  are  drawn  to  tit  the  points. 
The  dashed  curve  is  the  cross  section  reported  (see  reference  St 
for  the  production  of  the  isomeric  state  of  Zr“’  by  photon  bom- 
bardment of  natural  Zr.  The  locations  of  the  thresholds  for  various 
reactions  in  the  two  isotopes  are  indicated  by  the  arrows. 
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Fic.  S.  Cross  sections  tor  the  reactions  in  zirconium 

isotopes.  Short  dashes  Zr»>,  Ions  dashes  Zr>‘,  full  curve  Zr”.  The 
previously  published  Zr“  and  Zr**  results  have  been  recomputed, 
taking  into  account  the  present  Zr”  measurements.  The  single 
and  double  slash  marks  on  each  curve  represent  the  locations  of 
the  (7,p»)  and  (7.2m)  thresholds  respectively.  The  units  of  the 
ordinate  are  10“”  cm*. 


Taule  III.  Parameters  of  giant-resonance  cross-section  curves 
for  (-/,m)  reactions  in  nuclei  near  50  neutrons.  Nuclides  :;.'is”, 
«iNb“,  and  isRh‘“  from  reference  4, 4oZr”  and  ,oZr’‘  from  reference 
5 recomputed  in  present  work.  Neutron  number  is  shown  in 
column  2,  location  of  peak  cross-section  value  in  column  3.  peak 
cross-section  value  in  column  4,  half-height  width  of  curve  in 
column  5,  and  area  under  curve  from  threshold  to  23  Mev  in 
column  6. 
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Integrated  Cross  Sections  for  Zirconium  and  Yttrium 


Isotope 
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Tabu  IV.  Integrated  cross  sections. 
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• All  measured  inirfrated  eross-«ection  values  are  »iven  for  an  energy  reginn  from  threshold  to  Eymtm.  For  the  Zr"  and  Zr"  cases,  it  was  necessary  to 
cstrapolatc  the  low-energy  part  of  the  total  photoneutron  ernes  section  down  to  threshold ; the  error  introduced  in  this  process,  however,  is  less  than  0J%. 
*The  word  "total"  in  this  »ble  refers  to  the  total  photoneutron  cross  section  e(Cr.s)-|-(r.#i«)+(r.Zs)-f(T4n)I.  »nd  eseludes  the  (r.r)  and  (■».#) 


• This  value  i<oi»«Aa«  the  contribution  of  «^(7.3n),  which  equals  0.03  McV>b  from  threshold  to  30  McV. 
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Sxperisient 
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Peak 

E.nergy 

(MeV) 

— at  peak 
CD 

(rib/ster. ) 

peaS 

Q.kh 

9.1-11.1 

(MeV-mb) 

^^Sr(7,n^) 

9.52 

10.5-11.1 

^^Zr( 7,n^) 

7.19 

7.3-10.3 

9.1 

1.2 

20 

^No(7,n^) 

6.82 

7.0-9. 2 

8.1 
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3 
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6.5t 
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7.7 

0.9 
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METHOD  „ , _ 

Page  1 of  3 

REF.  NO. 

74  As  4 

egf 

REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

detector 

ANGLE 

TYPE  RANGE 

TYPE  range 

G,P 

SPC 

8-  30 

C 30 

SCD-D 

90 

E,P 

SPC 

8-  30 

D 20-  30 

MAG-D 

90 

Summary  of  results 

Target 

Proton  energy 
E,  (McV) 

Excitation  energy  (MeV) 
.ipparent  actual 

Residual  levels 

‘"Zr 

9.6 

17.9 

(19.4)') 

(1.5  MeV,  !-)') 

11. 1 

19.4 

19.4 

8-S..  i" 

10.7 

19.0 

20.5-20.8 
(20.7) ') 

(1.74  McV,  j-)') 

12.5 

20.8 

20.8 

g.s.,  1 - 

11.3 

19.6 

21.2-21.4 

1.5  MeV,  .I-  or  1.74  McV.  - 

10.2 

18.5 

(21.4)  •) 

(2.S8  MeV,  D") 

90y  . 

’"Zr 

9.5 

18.2 

19.7  “) 

« 1.5  .McV  '■) 

11.0 

19.7 

(19.7-19.9) ') 

g.s.,  2-  or  0.2  MeV,  3* 

10.7 

19.4 

20.8-21.2 

(21.1)') 

1.4-I.8 
U.7)  “) 

12.5 

21.2 

(21.2) ') 

g.s.,  2-  or  0.2  .MeV,  3‘ 

11.3 

20.0 

21.5-21.8 

1.5-I.8 

10.1 

18.8 

(=s  21.5)*) 

(*  2.7  MeV)') 

*)  Must  probable. 
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R.E.  Toohey  and  H.E.  Jackson 
Phys.  Rev.  3U6  (19TU) 


method 


REACTION 


RESULT 


EXCITATION 

ENERGY 


SOURCE 


G,N 


LFT 


T-  9 


Gamma  ray  widths  correlate  with 
neutron  widths  for  p resonances. 

3/2 


CHANNEL  NUMBER 


detector 


TYPE 


TOF-D 


ANGLE 


R ANse 


135 


TABLE  I.  »'Zr(y,n)*“Zr  resonance  parameters  ob- 
tained from  threshold  photoneutron  measuremeats  at 
Argonne  National  Laboratory,  j except  as  noted, 


E 

OteV) 

E,(RC) 

(keV) 

(keV) 

I'yO 

(eV) 

6.82 

7.23 

7.25 

0.10 

2S.2 

26.46 

26.46 

0.12 

27.7 

28.7 

28.8 

0.02 

34.0* 

35.2 

35.4 

0.06 

38.0 

39.3 

39.5 

0.05 

39.1'* 

40.5 

40.4 

0.21 

39.9" 

41.3 

41.3 

0.63 

43.2 

44.7 

44.6 

0.03 

59.7 

61.7 

61.9 

0.05 

63.1 

65.1 

65.3 

0.16 

66.3 

68.4 

68.5 

0.11 

70.6 

72.8 

72.5 

0.02 

73.5 

75.8 

74.5 

0.04 

79.7 

82.2 

82.1 

0.07 

84.5* 

87.1 

85.8 

0.07 

89.8 

92.5 

92.9 

0.05 

93.0'* 

95.7 

95.8 

0.03 

94.3'* 

97.2 

97.3 

0.10 

97.4 

100.4 

99.1 

0.03 

102.0 

105.1 

105.6 

0.28 

105.9 

109.0 

109.3 

0.04 

106.8 

110.0 

110.3 

0.33 

116.4 

119.6 

119.0 

0.05 

124.5 

126.3 

127.3 

0.05 

126.3  * 

130.0 

129.8 

0.23 

129.9 

133.7 

134.2 

0.33 

134.9 

138.8 

139.0 

0.12 

141.1 

145.2 

145.3 

0.08 

151.3 

155.6 

156.1 

0.17 

157.4 

161.8 

163.4 

0.11 

161.3 

163.9 

166.5 

0.26 

166.9 

171.6 

172.6 

0.28 

171.8 

176.7 

177.7 

0.57 

175.7 

180.7 

181.6 

0.01 

179.0 

184.1 

184.3 

0.11 

184.2 

189.4 

190.1 

0.11 

193.7* 

199.1 

198.7 

0.21 

204.2 

209.9 

211.4 

0.11 

207.6 

213.4 

215.2 

0.09 

214.4 

220.4 

220.3 

0.37 

* An  s-wave  resonance;  = 
^ Not  well  resolved 


FIG.  3.  A portion  of  the  threshold  photoneutron  spectrum  of  ’*Zr.  Prominent  resonances  are  labeled  with  their  ener- 
gies in  keV. 


FORM  N3S-4I8 

(REV.  7.I4-«4I 
uscoMM.oc  zeoio-Pe4 


PHOTONUCLEAR  DATA  SHEET  419 


U.S.  OePARTMENTOP  COMMERCE 
NATIONAL  BUREAUOF  STANDARDS 


F.R.  Metzger 

Phys.  Rev.  C 1^,  597  (1977) 


CL  CM.  $VM.  A I Z 


metmoo 


Zr 

ncr.  NO. 


91 


40 


77  Me  6 


hmg 


neACTioN 

Rcsucr 

tXCITATIOM 

ENERGY 

SOURCE 

DETECTOR 

angle 

TVPC  MAN6I 

G-G 

LFT 
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Using  electron  bremsstrahlung  with  up  to  3-MeV  end  point  energy,  the  resonant  scattering  of  y rays  by  an 
enriched  sample  of  *'Zr  has  been  studied.  Substantial  resonant  scanering  was  observed  from  14  levels.  Aa 
additional  17  known  levels  were  found  to  give  rise  to  marginal  peaks  or  to  no  observable  scattering.  In  a few 
instances,  the  transition  strengths  corresponding  to  the  resonance  fluorescence  yields  could  be  compared  with 
the  results  of  other  lifetime  measurements  and  with  the  strengths  expected  under  different  assumptions 
concerning  the  nature  of  the  levels  involved. 


14  LEVELS  1.2-4. 7 MeV 


TABLE  n.  Properties  of  the  **Zr  levels  studied  with 


bremsstrahlung  of  energy  ss  MeV. 


fuwi*(MeV) 

f fc 

‘«SC 

r,/r‘ 

^r,Vr 

* (meV) 

(1.205) 

1 • 
T 

1.0 

0.07  ±0.11 

1.466  (1) 

T 

1.0 

IJ 

±0.4 

1.882  (1) 

T* 

T 

1.0 

8.0 

±1.1 

2.042  (1) 

3* 

T 

1.0 

27J 

±2.6 

2.132  (1) 

• • 

T 

1.0 

6.3 

±0.9 

(2.190) 

$• 

T 

1.0 

0.5 

±0.5 

(2.201) 

r* 

T 

1.0 

1.5 

±0.8 

2J67  (1) 

(4.1)- 

1.0 

6.5 

±0.1 

(2.557) 

T 

OJ 

0.8 

±0.6 

2.577  (2) 

i\r 

1.0 

3.6 

±0.9 

(2.641) 

(j)- 

1.0 

4 

±2 

2.694  (1) 

(4>- 

1.0 

24 

±4 

(2.776) 

(i)- 

1.0 

4 

±3 

2.811  (1) 

4>* 

0.78 

23 

±4 

3.108  (3) 

9* 

T 

8 

±3 

(3.235) 

t-  j- 

T -T 

1 

±3 

(3.317) 

T*  J* 

T -T 

3 

±3 

3.476  (1) 

1-  3- 

T 'T 

1.0 

90 

±10 

3.576  (1) 

t-  3" 

T *T 

40 

±7 

3.631  (3) 

(y)- 

1.0 

46 

±18* 

3.704  (3) 

25 

±9 

4.322  (2) 

l-  3* 

T *T 

70 

±30 

(4.674) 

i»  3- 

7 '7 

50 

±30 

(4.704) 

80 

±40 

*For  weak  excitattons,  the  energies,  given  in  paren- 
theses, were  taken  from  the  literature  (Refs.  2,  3,  5,. 
17,  and  18).  For  well-defined  excitations,  the  energies 
determined  In  the  (y,y)  experiments  are  listed,  with  the 
uncertainties  in  units  of  the  last  digits  given  in  paren- 
theses. 

*From  Refs.  5 and  18. 

‘Based  on  Refs.  2,  16,  and  17. 

^Results  of  the  (v,Y)  experiments  described  in  this 
paper. 

•The  larger  error  reflects  the  fact  t.hat  a contribution 
from  the  3.634-MeV  level  in  '^C  had  to  be  subtracted. 
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Fic.  5.  ( -.irtinns  tor  the  (>.»>  tactions  in  zirconium 
isotopes.  Short  /r".  Ioni<  dashes  Zr*'.  lull  curve  Zr**.  The 

previously  f»ul>li5hnl  Zr*  and  Zr**‘  results  have  been  recomputed, 
lakini^  into  .laount  the  present  Zr**  measurements.  The  sinste 
and  double  sla.»*h  marks  on  trach  curve  represent  the  locations  of 
the  (y.pttf  and  • J»n  thresholds  respectively.  The  units  of  the 
ordinate  are  U)  ■ nd 


Table  [II.  Parameters  of  giant-resonance  cross-section  curves 
for  (>,»)  reactions  in  nuclei  near  50  neutrons.  Nuclides  n.\5'^ 
«iNb",  and  .sRh*"  from  reference  4,  (oZr*  and  .oZr"  from  reference 
5 recomputed  in  present  work.  Neutron  number  is  shown  in 
column  2,  location  of  peak  cross-section  value  in  column  J.  peak 
cross-section  value  in  column  4,  half-height  width  of  curve  ;n 
column  5,  and  area  under  curve  from  threshold  to  23  Mev  m 
column  6. 
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(.Mev) 

9m 
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r 

fMev) 

t Mev-bamsi 

.jAs'* 

42 

17.3 

90.3 

9.0 

0,80 

jtSr“ 

48 

15.9 

160 

5.0 

0.92 

aSr*» 

49 

15.8 

146 

5.3 

1.00 

»Sr“ 

30 

16.3 

201 

4.0 

1.05 

SO 

16.3 

191 

-3.8 

0.37 

..Zr* 

50 

15.8 

199 

4.3 

0.98 

4oZr»> 

51 

16.5 

200 

S.O 

1.22 

,oZr= 

52 

16.9 

193 

5.5 

1.24 

4lNb» 

52 

17.0 

195 

6.8 

1.4b 

44Rh‘<“  . 

58 

16.5 

205 

8.9 

1,94 
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TABLE  1 
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(MeV  - barns) 

b/a 

E.U 

(MeV) 
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28 

*'Zr 
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0.202 
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REF.  NO. 
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REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  range 
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D THR-28 

BF3-I 
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D THR-28 
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Tabu  TV.  Integrated  cross  sections. 


Kucicua 

fu«C(t,»)+ (t,^)3 
(MoV-l>)4 

»lst(T,2N) 

(McV-l.)* 

£ymmm 

(MeV) 

Flnt^T.ZN) 

eut(7,  toul)* 

(ir)fmr 

(MeV-b) 

0.06ATZ/A 

(MeV-b) 

Y» 

0.94 

0.10 

28 

0.10 

1.14 

U1 

Zr" 

0.96 
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U3 

Zr" 

0.8S 
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Zr» 

0.6S 

0.45 

28 

0.41. 

1.23 

U6 

Zr* 

0.43 

0J8 
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0.56F 

U2 

U8 

■ All  measuied  iniesratcd  cro»-«ction  values  are  liven  (or  an  energy  region  from  threshold  tn  For  the  Zi~  and  2r*  eases,  it  was  necessary  to 

eitrai<olate  the  low-energy  part  of  the  toul  photoneuiron  ernes  section  down  to  threshold:  the  error  introduced  in  this  process,  however.  Is  less  than  04%. 
k The  word  “total'*  in  this  table  refers  to  the  total  photooeutron  cross  section  e(Cy.n)  +(t,pn)  -l-(lr.3n)  4-(yJn)].  and  excludes  the  (r.r>  and  (y.y> 


* This  value  includes  the  eonthbutlon  of  eiMCTJa).  which  equals  O.OI  MeV>b  from  threshold  to  30  MeV. 
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EXCITATION 
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DETECTOR 
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TYPE  RANGE 

TYPE  RANGE 
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D THR-30 

BF3-  I 

4PI 

G,2N 

ABI 

THR-30 

D THR- 30 

BF3-I 

4PI 

TABLE  1 


Integrated  Cross  Sections  for  Zirconium  and  Yttrium 


Isotope 

a = hat  dE 
(MeV  - barns) 

E... 

/(Tn,dE 
(MeV  - barns) 

b/a 

E*«m 

(MeV) 

**Zr 

0.980 

0.108 

0.110 
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1.078 

0.202 

0.187 
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BP3-T 

4pt 

G.2N 
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THR-30 
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Tails  IV.  Integrated  crosi  sections. 
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»U4C(7.*)  + (t,F«)3 
(MeV.b)* 

n.i(T.2M) 

(McV-l.)» 

£v-« 

(MeV) 

ei»i^7.2n) 
eui(7,  loUi)* 

rU)#>r 

(McV4j) 

0M,VZ/A 

(McV-l.) 

ym 

0.94 

0.10 

28 

O.IO 

1.14 

IJl 

Zr** 

0.96 

0.10 

28 

0.09 

1.16 

1J3 

Zr** 

0.88 

0.20 

30 

0.19 

1.22 

U5 

Zr*« 

0.65 

0.45 

28 

0.41 

1.23 

1J6 

Zr** 

0.43 

0.58 

30 

0J6* 

U2 
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• All  mmured  inirsratcd  croM-<rctioa  value*  are  given  (or  an  energy  region  from  thmhold  tn  Eymt.  For  the  Kr*  and  Zr*  ease*,  it  »ai  oeceaury  la 
cstrapoUte  ihc  low^nero  pan  oif  the  total  photooeutron  emae  section  down  to  thresiiold : the  error  intr^uced  in  this  process,  however.  Is  (ess  than  0J%. 

^ The  word  '*total*'  in  thU  table  refers  to  the  total  pbotoaeutroo  cross  section  e(Ci^.n)*f(7.^)+(7«2n)'*h(7d3nlX  tad  qcludes  the  (7*7)  aad  (7.#) 
cress  aectioaa. 

* This  vslw  iadodes  the  eoatrihation  ot  #isi(TfJ«)«  which  equals  0.0J  MeV-h  (roa  threshold  to  30  MeV* 
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+ (7,2ji)  + (7,3n>3  for  Zr**.  (b)  Single  pbotoneutron  cross  section 
for  Zr**:  (c)  The  (7,2*)  cross  section  for  Zr**.  (d)  The  (7.ii*) 
Close  section  for  Zi**. 
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Niobium  is  a metallic  element  closely  associated 
with  tantalum  in  ores  and  in  properties;  it  was 
named  in  1844  by  the  German  chemist  Heinrich  Rose 
after  the  goddess  Niobe,  daughter  of  Tantalus. 

It  was  first  discovered  in  1801  in  a New  England 
mineral  by  the  British  chemist  Charles  Hatchett, 
who  called  the  element  columbium.  By  international 
agreement  in  1949,  chemists  established  the  name 
niobiuTi  but  the  name  columbiun  persisted  strongly 
in  the  U.S.  metallurgical  industry. 
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j.G.  C:-iidley,  L.  Katz,  S.  Kowalski 
Jan.  J.  Phys.  kO?  (1958) 


Betatron 


REACTION 
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EXCITATION 

ENEROY 

SOURCE 

DETECTOR 

ANGLE 

TVPC  NANOC 

TYPC  PANGC 

G,N 

RLY 

THR 

C THR 

BF3-I 

l+PI 

TABLE  I 


THRESH(^LD 


MEASVSZO  PROTONBUTKON  THRESaOLOS 


Measured  Other  Q values. 

Reaction  Q value,  Mev,  Mev.  Method  Reference 


.\b“(7.  »)Nb“  8.86±0.05 

8.70  ±0.20  Threshold  Sher  «<  of.  (1951) 
8.69  ±0.40  Mass  data  Wapstra  (1955) 


See  58  Ka  1 for  cross  sections. 
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J 'f 


Notes 
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Bremss. 
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Yield  3 0.5x10  alpha/mole/roentgen 
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Ref.  W.C.  Barber,  V.J.  Vanhuyse 
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Method  Stanford  Mark  II  accelerator;  virtual  and  real  photon  spectrum  from 
electrons;  magnetic  spectrum;  KI  scintillator  crystals. 
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Nb 
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kef.  No. 

60  Ba  5 


kl 


JHH 


Reaction 


E or  AE 


"to 

[ =230±25^  MeVmb 
0 


(7d  E 


J fr 


Notes 


jadE  from  calculated  real  and  virtual 
photon  spectrum. 


rig.  14.  Excitatloa  of  a group  of  protons  from  N'b  as  a functioa  of  pnmary  eleccroa  energy. 
The  curve  was  drawn  arbitrardy. 


i i?.  ».  Energy  dutnbution  ol  proton*  from  Nb.  Th«  curves  are  calculated  dlstnbutioii*  arbitrartly 
normalized. 


Fig.  9.  .Angular  distribution  of  protons  from  Nb.  The  curve  IS  a plot  of  the  exprenton  (1.31— 0.19  * v.,.  * * . 

CO.  9+0.41  *.n*0+O  M CO.  9 *.n»9)  x 10-.  which  .*  a tour-parameter  least-equar..  (it  to  the  data.  cro«  s^on  (or  produc.n<  proton*  (rom  Nb  a*  a (unct.on  o(  photon  enerey 


The  histogram  was  drived  by  a photon>differeace  analysis  of  fig.  14. 
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Fig.  1.  — DislrilMitiuns  =*  ^0  .MoV. 

X AV  ^ '».05  — fi.r.5  MeV  ; 

I «.;:k  !MH=  nu  o.HOrr>$0». 

O E,  ^ MeV  ; 

I »».:n  $111*  mi  -h  o.yj  cot  0). 

Q Ep  =•  7.U3  ~ .MeV  ; 

1 4*  o.aT  $111*  0(1  T cot  0) 


de  photons  rwls  rty  ( produits  par  le  rayonnement  de 
freinago  dans  remetteur  secondaire,  les  fenetres  et 
la  cible)  et  du  nombre  de  photons  virtuets  /r,  dans 
la  cible.  II  a ete  tenu  compte  de  /ly  et  de  n,  dans 
le  calcul  de  niE^^  A).  Pour  le  caicul  de  n,  on  a sup- 
pose qu'on  avail  des  transitions  £^. 
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Betatron;  neutron  threshold;  ion  chamber 


60  Ge  3 
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EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

angle 

TYPE  PANOB 

TYPE  PAN«B 

G,N 

N0X 

THR 

C THR 

BF3-I 

4 PI 

THRESHOLD 


Kntcllwi 


No.  runt 


IVdciil  mulls 


Olhvr  mulls 


Method 


Reference 


Nb«(7,i»)Nb" 


8.78=b0.06 


^8.61  ^.52 

8.86  ^0.05 


mess  dsu 

(?(«) 

threshold 


m 

n 
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. r Sptdroicopy  (Csmbrid 

L.  J.  Lidotsky.  Revs.  Modern  Phys.  20,  773  (1957), 
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R.E,  Welsh,  D.J,  Donahue 
Phys.  Rev.  121,  880  (I961) 


Method 


Monoergic  7's  from  thermal  n-capture;  activation 


Reaction 


E or  AE 


S" 


dE 


J "■ 


Elem.  Sym. 

Nb 


95 


Ref.  No. 

61  We  1 


if.1 


JHH 


Notes 


(7,n) 


8.997 

9.30 

9.73 


Measurement  of  0.930  MeV  y from  decaj 
of  Nb92. 


Data  in  Table  II  (millibams).  Fig.  6 

K.  ..u  u " 8-99  ± 0,6k  MeV. 

Y thresh. 


Table  U.  Summary  of  measured  cross  sections. 


T-ray  source 
\ Energy  (Mev) 
Reaction  \ 

Co  Fe 

7.49  7.64 

.A1 

7.73 

Cu 

7.91 

Cl 

8.56 

Ni 

8.997 

Fe 

9.30 

Cr 

9.72 

Fe 

10.16 

.V 

10.83 

Ta‘“(7,n)Ta‘»'- 

0±0.05  0.S±1 

4.8:^  1.6 

14±5 

32±16 

44±1S 

83±33 

120±48 

.■\u“»(T,n)Au*»* 

0;fc;2 

34dbl7 

44^11 

64±30 

80±30 

0±0.1 

29±15 

30±18 

46±21 

86±31 

260±93 

Nb»(T,»)Nb« 

0.008±0.005 

1.0d;0.4 

2.4±0.7 

Ag‘”(T,»)Ag‘»* 

...  ... 

OitO.l 

4.4±1.5 

22±16 
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ij-l 


Method  proton  yield;  angular  distribution;  scintillator; 

ion  chamber 


NVB 


Reaction 


E or  AE 


(7d  E 


J "■ 
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Angular  distribution; 

Y(0)  = a + b sin^0  (l  + p cos  9)^ 

where  a = 23±8;  b = 71±13; 
p = 0.110.1;  and  b/a  = 3i0±1.2. 

Yield  (Kp  > 8 MeV): 

(2.810.7)  10^  protons/mole-r . 


Yield  (3.7  < Ep  < 1^): 


(2112)  10^ 
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(y^p) 


19.5 

23.5 

27.5 


Relative  yields: 
(Ep  2 5 MeV) 

1.00  ± 0.04 
1.58  ± 0.04 
2.22  ± 0.10 


Measured  yeilds  > by  factor  of  10 
than  statistical  theory  including 
effects  of  nuclear  pair  correlation 
predicts. 


FIG.  4.  Oepmdmn  of  photopraloa  yi.ld  wd  photo* 
■avtmo  yield  Y^  fma  Nb"  oo  Ey  nuii*  For  YpZ  x — piooaot 
oeife,  0—1*1,  ■— 1*1;  the  yields  have  been  ouitipliad  by  tbe^ 
factor  S*  For  Y,:  x and  a— neasutad  in  i‘‘l  and  l'*l,  lespao*' 
tivaiy;  the  sanoth  curve  was  obtained  ia  i‘*l. 

, 3,  Angular  distributions  of  photo* 

( from  Nb”  for  E.y^*  » 19.5  MeV  (a), 
MeV  (b),  and  27.5  MeV  (c).  The  histo* 
grams  are  the  experimental  results.  The 
smooth  curves  represent  distributions  of  the 
forms  1(&)  w a 4-  b sin’  & and  1(9)  « a 
> b sin’  9 4>  c sin’  9 cos  9.  The  parameters 
a.  b,  and  c obtained  by  least  squares  are 
given  in  Table  Q. 


29tp,ntt 


FIG.  2.  Envfor  distributions  of  photoprotons  from  Nb**  for 
Ey  - 19.S  MeV  (a),  23.5  MeV  (b),  and  27.5  MeV  (c).  TTie 
hiatosiaas  are  the  exparimentai  apecna.  The  dashed  histo* 
cram  in  Fif.  2b  is  the  photoprotoo  apectnun  of  Mo".l‘l  The 
snuMtb  curves  ate  spectra  computed  from  the  evaporation  modei 
for  level  density  u,  takinf  account  of  pair  correiaiiooa..  The 
dashed  carve  in  Fig.  2b  is  the  sania,  neflccting  pair  correla. 
tions.  Arrows  indicste  the  maximum  possihle  proton  enargy 
*p  wu  • Eyui  - Bp. 

Table  IL  Angular  distribution  parammters  obtained 
by  least  squares 
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94 

\ 

am 

All 

pro(o«is 

>3  M«V 

60.0± 

±S.l 

«5.1± 

±7.3 

0.75± 

±0.18 

63.7± 

±4.7 

34.4±  i0.54± 
±6.5  |±0.1S 

75.  l± 
^.5 

21. 3± 
±8.8 

- 

0.23± 

±0.11 

- 

Z-6  MeV 

26. S± 
±3.2 

8.5± 

±i.4 

0.32± 

±0.20 

22.1± 

±2.8 

3.0± 

±2.7 

0.14± 

t0.l3 

25.4±i 

±2.8 

-3.1± 

±3.8 

- 

-0.12± 

±0.14 

- 

6— lOMcV 

29.9t 

±3.9 

37. 3± 
±S.6 

1.25± 

±0.34 

31. 1± 
±3.3 

28.2± 

±4.9 

0.84± 

±0.25 

3o.St 

±3.2 

12. 8± 
±4.5 

0.36± 

i0.l7 

- 

>10  MeV 

3.6± 

-0.7± 

-0.19± 

10.S± 

S.2± 

0.49± 

±0.33 

14. 3± 

tl.6± 

10. 6± 

0.81± 

0.74= 

±1.3 

±1.7 

±0.53 

±1.8 

±2.5 

±2.2 

±3.2 

±3.1 

=0.34 

±0.22 

tO-IZMeV 

— 

— 

— 

— 

— 

— 

8.4± 

±1.8 

8.1± 

±2.2 

2.2±  j0.72± 
±2.1 1±0.39 

0.26± 

±0.29 

>12  MeV 

— 

— 

— 

— 

— 

— 

S.9± 

±1.3 

S.6t 

±2.1 

7.8±,0.9;± 

±1.9i±0.58 

t.3l± 

•^.39 
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Tabblu  1 

Mefidaten  und  Ersebnisse 


Ti 

Ni 

Cu 

Nb 

Targetdicke  (mg/cm*) 

2.08 

1.32 

9.90 

8.87 

Bestrahlungsdauer  (h) 

52.3 

33.3 

18.0 

84.3 

Registrierte  Teiichenanzahl 
Size  MeV) 

1861 

2376 

2333 

1987 

Lage  des  Maximunu  £L..  der 
Energieverteiiung  (MeV) 

6.4 

8.2 

8.3 

11 

Haibwertsbreite  des  Maximums  (MeV) 

2.8 

2.8 

4.0 

3.3 

Mittlerer  Energieverlust 
im  Target  bei  E,  - (MeV) 

0.4 

0.23 

1.7 

1.1 

Ausbeute  in  /<b/MeV  •) 

22±3.5 

♦5±7 

23±3.3 

3.3±0.8 

•)  VgL  Bemerkung  *)  in  Tabeito  2. 


Tabelu  2 

Vergleich  der  Ergeboisse  verschiedener  Autoren 


i;(MeV) 

Ti 

Ni 

Cu 

Nb 

Ausbeute  (10*x  A4/M0I.  r) 

Bouligue 

31 

38.7 

30.8 

J3iese  Arbeit*) 

32.5 

48±7 

98±13 

50±7.3 

12±1.8 

Toms  und  McElhinney 

21.5 

39.4 

26 

4.6  i») 

Relative  Ausbeute 

Bouligue 

31 

1 

0.87 

Kregar  und  Povh 

30 

1 

0.34 

Diese  Arbeit 

32.3 

0.49±0.08 

1 

0.51  ±0.08 

0.12±0.02 

Toms  und  McElhinney 

21.3 

1 

0.66 

0.12  •) 

*)  Die  Fehlerangaben  beinhalten  aucb  die  Unsicherheit  in  der  Absoluteichung  der  IntensitAt  des 
V'Strahles. 

*)  Dieser  Wert  wurde  aus  nur  14  beobachteten  Ereignissen  bestimmt. 


Abb.  1.  Die  erhaltenen  Energie>Spektren  der 
Photoalphateilchen  aus  Ti,  Ni,  Cu  und  Nb. 
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Table  IV.  Summary  of  the  rosulls  for  the  7>hoioprouuchor\  of 
the  Y‘'  isomers  (spins  ;■  and  ]). 


Target  isotope 
and  spin 

Bremsstrahlcng 
energy  (MeV) 

Fr.'.ciioa  of  y*ola  lo 
isOiiier 

II 

9 

> 

130 

d.-V2= 

2S0 

(/.■12=:0.(/J 

Xb“  (/-'.) 

150 

0.7*1— 

2S0 

u.6'V=:0.13 
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Table  1 

Photoneutron  cross  sections  (mb) 


Fig.  1.  Cross  section  (in  mb)  versus  mass  number  of  the  target  for  gamma-ray  energies  of  9.00 
9.72  and  10.83  MeV.  The  solid  lines  are  plots  of  eq.  (1)  in  the  text. 
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’•As 
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14.6=:  2.2 
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“>Sb  1 

>“Sb  j 
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“’I 
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21.5=:  3.2 

• 58.3  ± 4.1 

“'Eu  \ 
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*“Eu  j 
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92.2  i27.6 

150  ±20 

“>Ta 

4.14±0.36 

45.4  ± 3.7 

65.0  - 5.5 

146  ±12 

>*’Au 

44.5  ± 3.6 

68.4-13.5 

160  ±15 

”‘Pb 

<34.3 

238  ±29 

"•Pb 

22.6  ±11.3 

280  -i-31 

“•Bi 

36.1  ±12.0 

226  =27 
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YIELD  AT  Eo  » 22  M«V 
Si  ACTIVATION  BY  PHOTONEUTRONS 


photoneutrons  from  various  elements  as  measured  in  the  present 
work  and  by  Baker.  The  present  results  have  been  normalized  to  Baker’s  measurements  for 
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Fig.  2.  "^e  anisotropy  coefficients  at.  in  the  formula  IV(0)  = 0,(1  + a,P,  4-  a.P  1 

obtam^  m the  present  work,  a.nd  those  obtained  by  other  workers  in  the  same  parT  of  the 


TABLE  I 


Element 

«»• 

G| 

at 

.Nickel 

77(1.0±0.0.5) 

0.  UJ:0.04 

-0..34±0.0<» 

Zinc 

236(1.0±0.(>t) 

0.  Of)  ±0.03 

-0.30±0.04 

Selenium 

.>25  (1 .0±0.05) 

0.10±0.04 

-0.25±0.05 

Zirconium 

3S0(1.0±0.05) 

0.03±0.04 

-0.27  ±0.05 

Niobium 

;W2(1.0±0.(W) 

0,01±0.02 

-0.30±0.03 

Molybdenum 

no(i.()±o.o3) 

0.0.5±0.03 

-0.41±0.04 

Cadmium 

7.'m(1.0  t;0.02) 

0.0.5±0.0l 

-0.2S±0.02 

Tin 

!).>.■)  (1.0±(). 02) 

0.08±0.02 

-0.3()±0.02 

Lead 

X 

2274  (l.Ot0.02) 

0.06±0.02 

-0.48±0.02 

•I'or  comparison  purposes  the  «*xperimenul  value  of  jo  for  Pb  has  been  norinalucd  to  coincide  with 
ih.it  obtained  by  Balfr  ami  McNeill  (I'Jiil)  and  is  the  yield  per  mole  |>er  100  roentgen.  All  otiier 
values  of  a*  liave  also  bevn  <iuotecl  with  the  same  normalization. 
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Table  rv 

Abaoiute  diffcreadal  crosa  section  for  inelastic  scattering  of  electrons  with 
energy  225  ± 1 MeV  by  Mb"  with  excitation  of  levela  at  2.2  ± 0.2  MeV 


9. 

deg 


Cross  section, 
cm^/sr 


30  (0.245±0.040).10*« 

40  (1.54±1.14).10-» 

43  (1.00  ±0.08)-lO-» 

45  (6.54±0.65).l0-» 

47  (6.l0±0.43)*10-» 

50  (2.94  ±0.26).10-» 

52  (2.86±0.29)-10-*» 

55  (1.37  ±0.l2)-10-» 


0. 

deg 


57 

60 

65 

67 

67 

70 

75 

80 


Cross  section, 
cm^/sr 


(5.89±0.53)-10-n 

(4.09±0.62)-10-« 

(3.11±0.37).10-n 

(2.42±0.276)-10-« 

(2.42±0.276)-10-« 

(2.25±0.29)-l0-n 

(1.08±0.16)-lO-« 

(4.95±0.97).10-« 


9. 

deg 


82 

84 

85 
87 
90 
95 
95 


Cross  section, 
cmVsr 


(4.07±0.76).10-*» 

(3.23±0.72)-10-« 

(2,25±0,59).10-" 

(2.97±0.48)-10-*» 

(2,62±0.52).10-« 

(2.06±0.37)-10-*» 

(i.45±0,31).10-“ 


Fig.  6.  Squared  form  factor  as  a function  of  momentum  trans* 
fer  for  the  2.2  0.2  MeV  inelastic  peak  from  Mb”.  The  curres  are 

calculated  in  the  Bom  approximation  for  different  ralues  of  multi, 
polarity  X. 
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Fig.  4.  Histogram:  energy  distribution  of  a-panicla  from  Nb.  Dashed  histogram:  results  of  Scheer 
et  oL  *).  Curve:  statistical-model  calculation. 
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Measurements  are  reported  of  the  relative  yield  of  t*  mesons  and  the  vV«'  yield  ratio  for  aesoos 
with  energy  40  ± 10  MeV  emitted  In  the  angular  range  ■ 50—160“  la  photon- Induced  reactions 
with  > 500  MeV  with  light  and  medium  nuclei.  The  charged  t-meson  detector  was  a 34-cm 

Freon  bubble  chamber  with  a tube  for  the  beam.  The  f*/i*  yield  ratio  for  He*,  LI*,  C**,  SI**,  S**, 
Ca**,  and  Nb**  was  found  to  be  respectively  0.94  a 0.14,  2.15  * 0.31,  1.22  ^ 0.21,  1.25  a 0.15,  1.0 
± 0.13,  1.11  ± 0.13,  and  1.53  ± 0.25.  It  was  established  that  the  r*-meson  yield  follows  a 
law. 


FIG.  2.  Relative  yield  of  v*  mesora  per  nucleus  at  a function  of 
Bias  number  A. 
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FIG.  3.  t'lw*  yield  ratio  at  a 
function  of  mait  number  A. 
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Fig.  15.  Ratio  versus  atomic  number  A.  Here  a,b>  is  the  level  density  parameter  taken  from 

the  neutron  resonance  work  of  refs.  ^),  and  a,  is  the  level  density  parameter  derived  from  the 
present  (y,  n)  work.  Filled  circles  represent  points  where  nuclei  in  the  neutron  resonance  and  in  the 
(y,  n)  experiment  were  the  same.  Open  circles  represent  points  where  the  respective  nuclei  were 
approximately  matched.  Triangles  represent  points  which  are  based  on  measurement  of  neutron 
mean  energies  at  two  bremsstrahlung  energies  only. 
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Fig.  7.  Experimental  data  with 
statistical  model  calculations 
for  the  reaction  ^^Nb(Y,o) .Broken 
line  for  50  MeV  (calculation)  . 
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The  integrated  absorption  cross  sections  and  the  percentage  values  of  compound  nucleus  formation 
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MeV  and  corresponding  best  fit  values  <t'y  are  given.  The  formation  cross  section  of  the  compound 
nucleus  is  assumed  to  be  equal  to  a.  or 
•)  Ey  =.  50-450  MeV.  ^ 
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FIG.  2.  Energy  spectra  of  and  *■*  mesons.  BJ’**  ” 400  MeV, 
■ 90  ± 7*.  The  points  are  the  same  as  in  Fig.  1. 

FIG.  S.  Dependence  of  yields  of  v 
mesons  1 , protons  2,  and  the  sum  of 
meson  and  proton  yields  4 as  a function 
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FIG.  3.  Energy  spectra  of  protons,  = 300  ,MeV.  91*;, » 9Q 
i 7*.  Points:  -i-**Si.  X-'«>Ci,  ^.”Nb,  o-'*'Ta.  Q-data  from 
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nG.  4.  Energy  spectra  of  protons,  E^!“*  * 400  MeV,  9i*b  • 90 1 7*. 
The  points  are  the  same  as  in  Fig.  1 ; o-data  from  ref.  7. 
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Experimental  data  on  the  (7,  p)  reaction  at  « 60-100  MeV  tor  targets  in  the  range  /I  » 7-93  are  compared  with 
predictions  based  on  a single-particle  knock-out  mechanism  using  shell  model  wavet'unctions.  The  results  show  tliat  this 
mechanism  is  more  important  than  has  generally  been  believed 
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Fig.  2.  The  ratio  of  the  measured  photoproton  emission  pop- 
ulating low-lying  states  to  the  single-particle  direct  knock- 
out predictions  is  shown  as  a function  of  nuclear  mass  <4  for 
80  MeV  brcmsstrahlung.  Errors  in  the  ratio,  due  to  uncertainties 
in  our  calculations,  are  estimated  to  be  a factor  of  * 1 J.  Er- 
rors in  the  experimental  data  are  negligible. 
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Analysis  is  made  of  reactions  interfering  with 
photon  activation  analysis  procedures. 


The  activation  yield  curves  have  been  presented  for  a number  of  photonuclear  reactions  in  the  energy  range  from  30  to 
68  MeV,  in  order  to  evaluate  quantitatively  the  interferences  due  to  competing  reactions  in  multielement  photon  activation 
analysis.  The  general  features  of  the  yields  as  functions  of  both  target  mass  number  and  excitation  energy  were  elucidated 
from  the  data  obtained,  discussion  being  given  on  the  results  in  terms  of  the  reaction  mechanism. 

Simultaneous  neutron  activation  due  to  appreciable  neutron  production  from  the  converter  and  surrounding  materials 
has  also  been  studied,  and.  finally,  the  magnitudes  of  interferences  in  real  multielement  analysis  were  given  in  the  form 
of  their  energy  dependences. 
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Fig.  2.  Yield  per  equivalent  quanta  versus  target  neutron  num- 
ber. 
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Fig.  7.  Activation  yield  curves  for  the  reactions  on  Y.  Zr.  Nb 
and  Mo. 
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Fig.  9.  Yields  of  the  (y,  n)  reactions  as  a function  of  brems- 
sirahlung  maximum  energy  and  target  mass  number.  The 
numerical  values  in  the  figure  are  yields  per  equivalent  quanta 
in  mb. 
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The  charge  disthbuiion  of  residual  nuclei  has  been  studied  in  the  disintegration  of  ”Nb  by  btemsstrahlung 
with  Ey^  =*  4.5  GeV.  Identification  of  the  residual  nuclei  and  determination  of  their  yields  were  earned  out 
by  detecting  the  induced  activity  by  means  of  a semiconductor  Ge(Li)  detector.  Study  of  the  charge 
distribution  of  isobars  and  comparison  of  the  data  obtained  with  the  results  of  hadron-nucleus  reactions 
permitted  us  to  determine  some  regularities  of  the  nuclear  disintegration  and  to  predict  the  probability  of 
formation  of  residual  nuclei  which  are  hard  to  measure  by  the  activation  method.  For  quantitative  estimates 
of  the  yields  of  the  reaction  products  we  used  the  five-parameter  Rudsum  formula.  The  nature  and  properties 
of  the  isobar  and  mass  yields  are  discussed  in  comparison  with  calculations  in  terms  of  a two-step 
evaporative  modeL 
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PACS  numbers:  25.20.  -i-  y,  27.60.  j 


FIG.  1.  Curves  of  the  charge  distribution  of  products  of  the 
reaction  Nb>y  for  the  following  mass  intervals:  al  90-84, 
b)  83-75,  c)  74-  65.  Points:  e-Nb,  a-Zr,  a-Y,  ;-Sr,  =-Rb. 
A-Br,  Y-Se,  e-As,  0-Ga,  x—Zn,  o-Co;  ci  calculation  with 
the  cascade-evaporative  model'*  for  the  reaction  .\fo-p  (in 
relative  units);  the  dashed  curve  is  for  a proton  energy  1800 
MeV. 


FIG.  2.  Most  probable  charge  of  the  charge  distribution,  as  a 
function  of  the  mass  number  of  the  product.  Calculations  of 
the  rascade-evaporative  model*’  for  the  reaction  Sb*p  with 
the  following  proton  energies:  462  MeV  (solid  curve),  944  MeV 
(^hed  curve).  1844  MeV  (dot-dash  curve).  Points:  0_data  of 
the  present  work.  A— daU  of  Ref.  13. 
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Molybdoa  is  the  term  first  applied  by  the  Greeks 
and  Romans  to  describe  minerals  that  were  soft  and 
lead-like  in  appearance.  The  word  molybdenum  itself 
was  first  introduced  around  1816.  Native  molybdenum 
disulfide  is  a soft  black  mineral  that  looks  like 
graphite.  Up  until  the  later  part  of  the  eighteenth 
century,  both  were  sold  under  the  same  name: 
Molybdan,  or  molybdenum.  The  German  writers 
called  molybdenite  "Wasserbley,"  a name  suggestive 
of  lead.  Molybdenite  was  first  identified  by  the 
Swedish  chemist,  Karl  Wilhelm  Scheele  in  1778. 
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Table  I.  Target  thickness  and  the  constxuits  a and  6 in  the 
angular  distribution  curve  a+(sind+6  sintf  cos0)*. 
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Fig.  S.  The  angular  distributions  of  protons  with  an  energy  above  14  Mev. 


Fig.  10.  The  relative  yield  per  mole  for  protons  above  14  Mev 
as  a function  of  the  atomic  number. 
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Fig.  3.  TTie  yields  of  fast  photoneutrons  from  various  elements  as  measuriU  in  the  p;csenc 
work  and  by  Baker.  The  present  results  have  been  normalized  to  B .^cr’s  i.  asuremenrs  f</r 
lead. 
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Fig.  2.  The  anisotropy  coefficients  o».  in  the  formula  W(9)  - a.(l  + aiP,  + 
obtained  in  the  present  work,  and  those  obtained  by  other  workers  in  the  same  part  of  the 
Periodic  Table. 
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Fia  2.  Nudoar  fluilities  as  a functioii  of  Z*IA. 


Tabu  1 

The  constant  flssioa  cross  sections  above  the  threshold 


Element 

fff  (era*) 

Element 

Or  (cm*) 

Pb 

(5.0±0.2)xl0-** 

U 

(U±0.1)xI0-** 

An 

(1.7±0.1)xl0-»* 

Sn 

(4.3±U)xl0-** 

Ta 

(3.3±0.2)xl0-'* 

Ag 

(8.4±2.0)xl0-** 

Yb 

(I.2±0.2)xl0-** 

Mo 

(I.7±0.4)xl0-** 

He 

(3J±<U)Xl0-*» 

Cu 

(6.6±1.2)XlO-*« 

Od 

(5.3±0.8)xI0-** 

Ni 

(5.8db0.1)xlO-** 

Nd 

(1.3±0J)xl0-»* 
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RCSULT 
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G,M 
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6-  22 

C 22 

THR-I 

DST 

’ 

aia> 

BKMk 

9mep- 

nuc 

aotK* 

TPO- 

aoa. 

iftt 

JXcTeR- 

TOp 

yraa,  tpad 

M/a 

30 

50 

70 

90 

no 

130 

150 

Al 

22,5 

1*31 

1,05±0,08 

1,03*0,08 

0,97*0,03 

1.0*0.08 

0,98*0,08 

1,02*0,08 

1,04*0,08 

llaDTpoO* 

lion 

22.5 

Al«(n.p) 

0,90±0.15 

0,93*0, 15 

1,02*0,15 

1,00*0,14 

0,96*0,13 

1,07*0,13 

1,01*0,13 

» 

TI 

22,5 

1.04±0,07 

0,96*0,07 

1,03*0,07 

1,00*0,07 

0,93*0,07 

1,05*0,07 

1,03*0,07 

» 

22,5 

Al»  (n.p) 

l,06±0,13 

0,94*0,13 

1,04*0,12 

1,00*0,12 

0.95*0,11 

0,98*0,11 

1,02*0 ,10 

Ca 

12,8 

0,97±0,10 

1,04*0,10 

1,02*0,10 

1.00*0,10 

1,01*0,10 

0,90*0,10 

0.96*0,10 

> 

17.0 

1,03±0,07 

0,'97*0,07 

1,00*0,07 

1,00*0,07 

1,06*0,07 

0.93*0,07 

0,88*0,07 

» 

22,5 

P»M«.P) 

0,37±0,05 

0,94*0,05 

0,97*0,03 

1,00*0,05 

0,99*0,05 

0,93*0,03 

0,91*0,05 

0,18*0,04 

22.5 

AI«(«.P) 

0,75±0.09 

0,80*0,07 

0,93*0,00 

1 ,OQ-fcO,Q5 

1,02*0,05 

0,94*0,04 

0,90*0,04[0,28*0,OC 

Mo 

22,5 

P31  (n,p) 

0,90=0,03 

0,93*0,05 

0,98*0,05 

1,00*0,05 

0,99*0,05 

0,92*0,05 

0,84*0,05 

0,21*0.04 

22.5 

Al«(n,p)|  0.80=0 ,03 

0,93*0,08 

0,95*0.07 

1,00*0,06 

0,94*0,03 

0,83*0,04  [0,72*0,a'i 

0,44*0,08 

22,5 

Al»i(«.a) 

0,72±0.08 

0,84*0,08 

0,89*0,08 

1,00*0,08 

0,95*0,08 

0,87*0,08  jo,63*0,03[o, 78*0, 18 
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22,5 

P»i(»,p) 

0,83*0,04 

0,90*0,04 

0,98*0,04 

1 ,CX):t0,04 

0,98*0,04 

0,92*0.04 

0.087*0.04jo,25*0,04 

22,5 

Al«(«.p) 

0.78=0,06 

0,84*0,06 

0 |S9^0 ,05 

1,00*0,05 

0,97*0,04 

0,86*0,04 

0,75*0,04 

0,54*0.06 

Pb 

22,5 

P3i(rt,p)|0.79±0,04 

0,85*0,04 

0,96=0,04 

1,00*0,04 

0,93*0,04  j 0,83=0,04 

O,S4*0,04j0, 36*0,05 

22,5 

Al«  (n.p) 

0,70*0,09 

0,81*0,08 

0,94*0,07 

1,00*0,06 

0,94*0,06 

0,80*0,05 

0,69*0,05 

0,69*0,12 
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Fif.  12.  Experimental  values  of  Che  level  density  parameter  u,  (Fermi  gas  formula  plus  pairing  cor* 
action)  versus  atomic  number  A.  The  continuous  curve  is  a least-squares  fit  to  the  data  of  a 
theoretical  calculation  from  Newton  '^). 
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Fig.  15.  Ratio  versus  atomic  number  A.  Here  u the  level  density  parameter  taken  from 

the  neutron  resonance  work  of  refs,  *•*),  and  a,  is  the  level  density  parameter  derived  from  the 
present  (y,  n)  work.  Filled  circles  represent  points  where  nuclei  in  the  neutron  resonance  and  in  the 
(y,j|)  eaperiment  were  the  same.  Open  circles  represent  points  where  the  respective  nuclei  were 
approximately  matched.  Triangles  represent  points  which  are  based  on  measurement  of  neutron 
mean  energies  at  two  bremsstrahlung  energies  only. 
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dactm  scattering  has  baa  used  to  masnre  tha  total  hadronic  cron  sactions  for  absorption  of  *E  IN  GEV, 1.2, 1.36 

photon  with  cnargp  13(^300  MaV  by  aaeld  of  C Ai  Ni,  Mo^  and  W.  Tha  lesnlts  obtaiaad  are  oorapand 
with  calcahrion  earned  out  in  tha  hnpnlaa  appraaiBBtiott. 


FIG.  5.  Total  hadronio  czoaa  sectloaa  for  abaocptlon  of  pho- 
tona  by  nuclei. 


FIG.  6.  The  ratio  aa  a 

function  of  A for  A*0.32  GeV. 
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Ki"  1 a-  i The  meas;:rsd  h;::tion  of  b:irr.s>:rMur.2  end  point  energy.  The  error  b-i  gi^^  the  stiuUtioal  errors  in  thenunibersof-- 

q•Mmai:ected.Thsso::h.-r..re^■:eato:hey:e!dpcintsumuhe!e.s^sq.arosrne:hod.Tne^ie;dfromCu,F>s.U):^ 

been  recalculated  using  the  nt^.-ito:  cur\e  of  [5] 


Fij-l  — -e  mean  cross  section  in  the  energy  range  400  to  1000  NteV 
cai.  . -•-••d  .'r — ! the  yields  of  F.gure  1 in  this  work  and  of  Figures  I to 
t ‘ T/.r  i r *•  i>  i}ivcr.  ’?■  ?2.r>  in  some  points 
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Fis.4.  Mean  cross  sections  of  the  present  work  and  of  [1]  (•) 
couipared  with  the  cross  sections  in  proton  irradiations:  + 400  .MeV 

from  [4],  o 700  MeV  from  [16]  and  an  extrapolated  value  from  [17], 

V 3GeV'  from  [18]  ' ' 
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7.7 

7.7 

SCD-D 

90 

Elastic  scattering  by  nuclei  in  the  range  of  mass  numbers  between  64  and  238  has  been  6.759,7 .168  MEV 

studied  with  -monochromatic  photons  in  the  energy  range  between  2 and  8 MeV.  These 
photons  were  provided  either  by  a Ti(n,v)  source  installed  in  the  tangential  through 
channel  of  the  Grenoble  high  flux  reactor,  or  by  ^‘‘Na  and  ’®Co  sources  produced  by 
deuteron  bombardment  of  A1  or  Fe  at  the  Gottingen  cyclotron.  The  photoexcitation  of 
23  nuclear  levels  has  been  observed  and  the  decay  properties  and  groundstate  widths  of 
the  majority  of  these  levels  have  been  determined.  For  the  lead  scattering  target  the  co- 
herent elastic  differential  cross  section  has  been  studied  in  detail.  There  is  evidence  that 
below  the  photo-neutron  threshold  the  elastic  scattering  via  virtual  photoexcitation  of 
the  nucleus  can  be  approximated  by  extrapolating  the  real  part  of  the  Giant  Dipole 
Resonance  amplitude  along  a Lorentzian  curve.  Coulomb  corrections  to  Delbriick  scat- 
tering seem  to  play  a small  role  at  6.5  MeV. 


Tabic  4.  Properties  of  levels  observed  by  phoioexcitacion.  (dtr/dfi)'''*':  experimental  differential  cross  section  per  iden- 
tified isotope  or  element  for  resonance  scattenng  through  0 = 90®.  spin-parity  of  excited  level;  W{&):  angular  cor- 
relation function:  g=t2f„ -hl)/(2/,-i-l);  radiative  groundstate  transition  width,  f:  total  level  width.  Errors  in  the 
last  digits  are  given  in  parentheses 


Isotope 

£7 

(MeV) 

{da/daf" 

(pb/sr) 

/• 

rjr 

iv(0)gro'/r 

(meV) 

(meV) 

r» 

•0 

(meV) 

“•U 

1754 

13  (4) 

(I) 

0.77 

0.145 

0.084 

2«U 

3.254 

421  (5) 

1- 

0.24 

0.83 

1.5 

0.52(15)® 

«’Bi 

6.555 

11  (4).  10' 

- ' 

- 

0.74 

0.74" 

- 

'“’Bi 

7.168 

1.7  (3)- 10’ 

9/2** 

1.00 

710 

786 

820  (40)* 

20JT1 

6.418 

8.75(30)- 10’ 

1/2* 

0.28 

30 

102 

82  (15)* 

TI 

6.759 

7 (3) 

- 

- 

- 

- 

- 

Hg 

6.555 

68  (17) 

- 

- 

- 

- 

- 

186^ 

6.418 

5.2  (3)- 10' 

1-* 

0.32 

1.75 

14 

- 

•»*w 

6.555 

9.8  (10)- 10' 

(1) 

0.52 

3.44 

2.9 

- 

‘•*w 

6.759 

46  (10) 

(1) 

0.58 

0.17 

0.13 

- 

>>‘Ta 

3.010 

174  (17) 

- 

0.72 

0.42 

0.59 

- 

■»'Ta 

6.418 

62  (4) 

- 

0.73 

0.2 

0.27' 

- 

'»'Ta 

6.759 

4.8  (12) 

- 

- 

0.018 

0.018" 

- 

'"‘Ho 

6.418 

10.3  (30) 

- 

- 

0.035 

0.035" 

- 

“‘Ho 

6.759 

5.6  (14) 

- 

- 

0.021 

0.021* 

- 

Nd 

1754 

16  (5) 

- 

- 

- 

- 

- 

Nd 

3.254 

14.0  (10) 

- 

- 

- 

- 

- 

Ce 

6.759 

13.4  (10) 

- 

- 

- 

- 

- 

'^'Sb 

3.452 

2.20  (5)- 10' 

- 

0.60 

2.9 

4.9* 

- 

">®Mo 

6.418 

1.53  (4)- 10* 

1-* 

0.88 

52 

26 

25  (8)* 

"®Mo 

6.555 

4.4  (4).  10' 

(1) 

0.33 

15 

21 

- 

Mo 

6.759 

6.2  (15) 

- 

- 

- 

- 

- 

Mo 

7.168 

8.2  (26)  10' 

- 

- 

- 

- 

- 

• [II]  ® IV(0)gf^/T  =1  assumed  ‘ lV'(0)g=l  assumed 
® [28]  (a  small  correction  has  been  applied  to  the  data  of  [28]) 

* Upper  limits  in  case  not  all  the  transitions  to  lower  levels  were  observed 

' Present  work  • Previous  work 
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Tabic 2.  Elastic  difTeremial  cross  sections  J<T  tiOi&=90‘‘)  in  nb.sr  measured  with  the  Ti(n.y)  source  and  compared  with  theoretical  pre- 
dictions. n;  predicted  number  of  levels  in  a d£  = 25  eV  interval  at  6.5  MeV.  Errors  in  the  last  digits  are  given  in  parentheses 


Scattering 

target 

6.418  MeV 

6.555  MeV 

6.759  MeV 

7.168  MeV 

n 

exp. 

th. 

exp. 

th. 

exp. 

th. 

exp. 

th. 

“»U 

23  (12) 

10.3 

_ 

- 

- 

45 

JOVBi 

- 

- 

219(39)'’' 

8.0 

12  (4) 

7.4 

1.5(3)- 10’*' 

5.7 

0.1 

“Pb 

7.0(15) 

8.6 

- 

- 

6.5(11) 

7.4 

- 

- 

0.05 

2,586  (92)*-' 

7.5 

- 

- 

13  (3)* 

6.0 

- 

- 

0.4 

“Hg 

12  (3) 

7.8 

74(17)* 

6.5 

6.7(15) 

6.4 

- 

- 

3.4 

«IW 

159  (lO)*-' 

6.6 

306(33)*' 

6.3 

20  (2)*-' 

5.6 

- 

- 

13 

‘•'Ta 

68  (4)*-‘ 

6.3 

- 

- 

lO.Un)*' 

5.3 

- 

- 

28 

“’Ho 

15  (3)'’ 

4.7 

- 

- 

9.5(14)* 

3.9 

- 

- 

18 

“•Ce 

4.1(21) 

4.1 

- 

- 

17  (!)*■' 

3.6 

- 

- 

0.04 

“Sn 

4.2(13) 

3.0 

- 

- 

2.5  (5) 

17 

- 

- 

1.9 

“•Mo 

1,474  (44)*-‘ 

15 

407(39)*-' 

15 

8.5(15)*' 

13 

817(258)*' 

10 

0.5 

“'Zn 

14  (8) 

1.6 

- 

- 

1.8  (5) 

1.5 

- 

- 

0.3 

* Transitions  to  excited  states  observed  " Photoexcitation  identified  from  size  of  differential  cross  section 
‘ Photoexcitation  reported  in  [11] 
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4 PI 

Tabelle  1. 

Zuaunmenstellung  dcr  gem.  W.  Q. 


Rcaktion 

y-AVcrt 

McV 

MoV  bnm 

Vcrhullnis  dcr  Qucnclinittc 

Zn**(y,  np)Cu***) 
Zn«(y.  p)Cu*«*)*) 
Zn«(y,  2n)Zn« 
Mo”(y,  np)Nb« 
Mo**(y,  p)Nb” 

18,65 

10,01 

20,82 

19,5 

0,02 

0,08 

0,03 

0,02 

0,09 

‘^Zn'Vy.p) 

— 3,6  X 0,5 

^ Zo”(y,  np) 

(y,2n) 

Mo”  Cap)  j. 

*^Mo*s(y,  np) 

•)  «Tm«:  .‘i.a  mb  bci  Ey  = 21  ± 0,5  MoV  r = 3,7  McV. 
••)  ll.S  mb  bei  Ey~22±  0.5  McV  P = 6,4  McV. 
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Tabetic  I 


Ucaktion 

g.Wcrt 

McV 

l.VV.Q.  S 
MoV  iKirn 

'^mnx 

mb 

£ 

McV 

r 

McV 

Ca«(y.  pn)  K“ 

-24.3 

0,003 

2,4 

30  ± 1 

2,1 

Zn**(y,  pn)  Cu** 

- 18,30 

0,03 

Zn**(y,  pn)  Cii** 

- 18,05 

0,031 

7,2 

28  i;  1 
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Zn**(y,  p)  Cu*’ 

- 10,01 

O.IO 

11,4 

22,7  ± 1 
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Sc**(y,  pn)  As’* 

- 20,43 

0.02 

Zn**(y,  2n)  Zn** 

- 20,82 

0.08 

Mo»*(y.  pn)  Nb** 
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0.02 

Sb***(y, 

-18,2 

0.0000 
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Integrator  setting 


Fig.  4-2.  Activation  curve  for  Mo»*(;-,  n)Mo*‘. 


Fig.  5-2.  Cross  section  curve  for  Mo**(r,  n)Mo*t. 
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SOURCE 
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REACTION 

ENERGY 

TYPE 

RANGE 

TYPE  RANGE 

ANGLE 

0 

G,N 

ABX 

THR  - 22 

C 

THR  -33 

ACT- 1 

4 PI 

2) 

G,2N 

ABX 

THR  - 33 

c 

THR  -33 

ACT- 1 

4 PI 

3) 

G,NP 

ABX 

THR  - 33 

c 

THR  -33 

ACT- 1 

4 PI 

2)  MIXED  WITH  G.NP 

3)  MIXED  WITH  G.2N 


Mo  (r.n+lf.p) 


Table  2 

Reaction  parameters 


Reaction 

Peak  energy 
(MeV) 

J(T(1£ 

(MeV  • mb) 

Mo‘“(-/,  n-ry,  p) 

15 

1110-200 

Mo»C/.  n) 

17 

750-  70 

Mo”(-/,  p) 

20 

Ln 

II 

O 

Mo”(v,  p)  . 

20 

140-  15 

.Mo»-(-/.  np) 

23 

30-  10 

Mo“(7,  np— 7,  2n; 

29 

160i  25 
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REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  range 

G,N 

RLX 

THR  - 70 

C 12-70 

ACT- 1 

4PI 

Measured  isomer  production  ratio. 
Spin  cut  off  <1.5 


Table  I 

Spins  and  half-lives  of  isomeric  states 


Target 

nucleus 

spin  of  iso- 
meric states 

Half-life 

Modes  of  decay 
(used  for  de- 
tection) 

Detection  method 

”K 

0+ 

0.95  sec 

(100%) 

y— X fast-slow  coincidence  (resolving 
time  0.2  and  2 /isec) 

3* 

7.7  min 

P*  (>  99  %) 

y-y  coincidence 

••Zr 

i- 

4.3  min 

y (93  %) 
P*  (1.7%) 

Nal  (well  type)  spectrometer  cen- 
tered on  the  0.588  MeV  y ray  line 
y-y  coincidence 

/-  0 

79  h 

P*  (30  %) 

y-y  coincidence 

••Mo 

i-  • 

66  sec 

y (57  %) 
P*  (38  %) 

Nal  (well  type)  spectrometer  cen- 
tered on  the  0.658  MeV  y ray  line 
y-y  coincidence 

o 

II 

s 

16  min 

P*  (94  %) 

y-y  coincidence 
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TYPE  RANGE 

G,N 
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12-26 

C THR-26 

ACT- 1 

4PI 

i 

Fig.  1.— Cr»M  Motiona  for 

(а)  **Mo  (y.n)  reaction, 

(б)  ><x>Mo  (y.n)  and  (y,n)+(y,p) 
reoctiona,  and 

(e)  (y,p)  reoctiona  for  *^Mo,  **Mo, 
and  io«Mo. 

In  (e)  the  crooa  oection  for  the 
^<*^Mo  (y,p)  reaction  hea  been 
adjuated  in  energy.  See  text  for 
further  explanation  of  ourvea. 
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ISOMERIC  YIELT 


Table  1.  The  particulam  op  the  (r,n)  reaction  prooucti  and  the  data  obtaineo 

WITH  20MeV  BREMSfTRAHLUNO 


Nuclide 

Half-Ufe 

of 

product 

(sec) 

Gamma-ray  determined 

Limit  of 
detection 

(tti) 

Yield 

(mol"‘-R"‘) 

Parent 
(Natural 
abundance,  %} 

Residual 

Energy 

(MeV) 

Branching 
ratio  (%) 

Photopeak 

activity 

(cpm/mg)A> 

*«Mg(78.60) 

»Mg 

9.9 

0.511 

200 

2.04x10* 

0.49 

8.1x10* 

"Ge(7.67) 

TsniGe 

48 

0.139 

100 

6.37x10* 

1.6 

1.1x10* 

’•Se(23.52) 

”“Se 

17 

0.162 

100 

1.82x10* 

0.55 

1.2x10* 

»Mo(lS.86) 

Mm  Mo 

65 

0.650 

57 

2.22x10* 

4.5 

2.7x10* 

“K:e(88.48) 

latnCe 

58 

0.745 

100 

1.06x10* 

0.95 

1.3x10* 

“»Nd(27. 13) 

64 

0.760 

100 

3.19x10* 

3.1 

1.4X10* 

“TTb(100) 

lumTb 

11 

0.111 

100 

2.56x10* 

3.8 

2.2x10* 

b)  The  value  corrected  at  the  end  of  one*niinute  irradiation  with  the  doie  rate  of 
lO^R/min;  Counting  geometry  is  20%  with  a 3"dia.x3"NaI(Tl)  detector. 
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Fig.  1.  Energy  distributions  of  photoprotons. 

Vertical  broken  lines  and  solid  lines 
indicate  the  position  of  corres- 

ponding to  the  ground  IAS  and  electric 
dipole  IAS  ( 2-^t ) respectively. 
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We  used  the  35-MeV  betatron  of  our  institute  to  in- 
vestigate photoneutron  reactions  on  the  isotopes  Mo’^ 
and  Mo**.  The  yield  curves  of  the  reactions  (y,  Tn) 
were  measured  in  the  energy  range  from  7 to  30  MeV 
in  steps  of  100  keV.  The  targets  were  prepared  from 
metallic  Mo.  The  content  of  the  Investigated  isotopes 
was  not  less  than  97%.  The  use  of  a highly  efficient 
neutron  detector  (e  » 45%)  and  of  a multichannel 
method  of  measurements  has  made  it  possible  to  obtain 
the  yield  curves  with  high  accuracy  (0.1%  in  the  region 
25-30  MeV)  and  to  observe,  for  the  first  time,  the  in- 
termediate structure  of  the  giant  resonance  on  the  iso- 
topes of  Mo.  The  statistical  reduction  of  the  experi- 
mental information  and  the  determination  of  the  cross 
sections  of  the  photoneutron  reactions  was  carried  out 
in  accordance  with  a program  prepared  by  the  Compu- 
tational Center  of  the  Moscow  State  Unive^sity^‘^ 

The  obtained  cross  section  of  the  reactions  (7(y,  Tn) 
* <^(y,  n)  + 2tr(y,  2n)  a(y,  np)  are  shown  in  the  figure, 
from  which  it  is  seen  that  approximately  15  resonances 
are  observed  in  each  cross  section. 

The  widths  of  the  giant  resonances  in  the  reaction 
(y,  Tn)  on  Mo**  and  Mo**  are  5 and  7 MeV  respec- 
tively (curves  a in  the  figure).  After  taking  into  ac- 
count the  multiplicity  in  accordance  with  the  data  of^*^ 
for  this  region  of  nuclei,  the  cross  sections  obtained 
were  On  = <^(ri  ”)  2n)  + a(y,  np)  (curves  b).  The 

widths  of  these  cross  sections  for  Mo®*  and  Mo**  are 
the  same  and  equal  5 MeV.  The  curves  c correspond 
to  the  cross  sections  a(y,  n)  + a(y,  np).  The  widths 
for  them  are  5 and  3.5  MeV  respectively  for  Mo**  and 
Mo**. 

The  widths  On  of  the  integral  cross  sections  of  the 
reactions  for  Mo**  and  Mo**  are  1.29  ± 0.13  and  2.0 
±0.2  MeV-b.  The  integral  cross  section  On  increases 
with  increasing  N - Z for  isotopes  of  a given  element. 

It  is  interesting  to  note,  however,  that  in  the  case  of 
Mo  the  increase  of  On  and  of  the  width  of  the  giant 
resonance  is  due  to  the  cross  section  of  the  reaction 
(y,  2n).  Thus,  for  Mo’*  we  have  <r(y,  2n)  = 0.17 
± 0.02  MeV-b,  whereas  for  Mo”  we  have  o(y,’  2n) 

= 0.83  ± 0.08  MeV-b,  i.e.,  the  cross  section  of  the  re- 
action (y,  2n)  increases  by  almost  five  times.  Such  a 
sharp  increase  of  the  cross  section  of  the  reaction 
Mo**(y,  2n)  is  connected  with  the  low  threshold  of  the 
(y,  2n)  reaction,  namely  E^^^o«(y,  2n)  = 15.5  .MeV. 

For  comparison,  we  point  out  that  Ei^Jj^92(y,  2n) 

= 22.8  MeV. 

For  the  reaction  (y,  n)  ■♦•(y,  np),  tlic  integral  cross 
sections  for  .Mo’*  and  Mo’*  are  respectively  1.12 
±0.11  and  1.10  ± 0.11  MeV-b. 


Effective  cross  sections  for  Mo”  and  Mo”:  a — a(j.  Tn):  b - a(y. 
n)  + 0(7,  2n)  + <7(7,  np);  c - 0(7.  n)  + <7(7,  np);  d - total-absorption 
cross  section  Oy,  obtained  in  (*1  for  Mo  "'*  (rie.bt-hand  scale). 


There  are  at  present  no  published  data  on  the  struc- 
ture of  the  photoneutron  cross  sections  on  the  Mo  iso- 
topes. Such  general  characteristics  of  the  giant  reso- 
nance as  the  position  and  magnitude  of  the  integral 
cross  section  are  known  only  for  the  reaction 
Mo’*(y.  n)^*'*'.  Even  tliese  results,  however,  are  highly 
contradictory.  Thus,  data  on  the  widtlt  of  the  giant 
resonance,  obtained  in^*',  e.xceed  the  data  of  ■*'  by  a 
factor  of  2. 

In  conclusion,  let  us  compare  the  experimental  re- 
sults obtained  by  us  with  the  calculations  performed  on 
the  basis  of  the  collective  dynamic  theory  The 
photodisintegration  of  the  Mo’'*  was  calculated  within 
the  framework  of  this  theory,  .and  the  result  is  .«!'.own 
in  the  figure  (curve  d).  We  see  that  tl'.e  theoretic;’.! 
calculation  agrees  only  roughly  with  the  experimental 
data.  The  experimentally  measured  cross  sections  re- 
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REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

detector 

ANGLE 

TYPE  RANCE 

type  range 

G,2N 

RLY 

THR-305 

c 150-305 

ACT- I 

4PI 

G.PN 

RLY 

THR-305 

c 150-305 

ACT- I 

4PI 

Tabu  1 


Summary  of  measured  yield  ratios 


T''rget 

Bremsstrahlung  energy 
(MeV) 

Measured  yield  ratio 

natural  Cr 

ISO 

**Cr/*»V  - 0.043  ±0.002 

250 

0.047 ±0.009 

SOS 

0.042±0.002 

enriched  **CSr 

250 

0.025±0.009 

natural  Fe 

250 

”Fe/”Mn  =■  0.037  ±0.003 

enriched  **Fe 

250 

0.024  ±0.003 

»**Mn/(”“Mn+”»Mn)  - 0.47  ±0.02 

natural  Y 

150 

•’Y/*’-Sr  - 12.9  ±14 

natural  Mo 

150 

»*Mo/»*Nb  - 0.41  ±0.03 

280 

0.49  ±0.03 

Tabu  2 


Summary  of  experimental  and  theoretical  ratios  of  iy,  2n)  to  (y,  pn)  yields 


Target 

isotope 

Bremsstrahlung 

energy 

(MeV) 

Experimental 
(y.  2n)/(y,  pn) 
yield  ratio 

Calculated 
(y.  2n)/(y,  pn) 
yield  ratio 

»»Cr 

250 

0.095  ±0.025 

0.14 

»*Fe 

250 

0.10  ±0.03 

0.07 

•*Y 

150 

7.4  ±1.0 

6.7 

•*Mo 

150 

0.41  ±0.05 

0.15 

280 

0.49  ±0.05 

0.16 
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ISOMER  RATIO 


Tabic  2.  Isomer  ratio  mea.surements  for  *'Mo.  *”Ce.  and  “’Nd 


Reaction 

Isomer 

f 

/' 

/• 

Threshold 

41/t-*" 

ratio  ■ 

Target 

Ground 

Isomer 

(MeV) 

(MeV) 

stale 

■M«i<y.R)"Mo 

l-92s<H3 

0* 

1313 

16-60 

•*Mo(y.3nrMo 

1 39x0-16 

0* 

9/2* 

1/2- 

30-72 

I6-S2 

•*Ce(T.n)'”Ce 

3-1 

0* 

10-31 

15-30 

••Ce(y.3n)**»Ce 

HOxO-12 

0* 

m* 

1 1/2* 

26-34 

15-26 

'«Nd(y.n)'«Nd 

3-2  X 0-3 

0* 

9-79 

15-22 

'«‘Ndfy.3n)'«Nd 

l•80x0•2S 

0* 

3/2* 

II/2* 

23-67 

15-17 
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Fig.  14  Total  a(y*Q)  + aCy.pn)  + o(Y,2n) 
cross  section  of  ^^Mo. 


Table  1 


Isotopes 

^^Mo 

^**Mo 

96mo 

58mo 

ICCmo 

^on 

0.83 

0.98 

1 .08 

I .11 

1 .03 

Fi-8*  15  Comparison  of  the  total  photoneu~ 
tron  cross  sections  of  ^^Mo  ^‘*Mo 
^®Mo  ^®Mo  and 
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METHOD 
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REACTION 

RESULT 
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ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

E,E/ 

FMP 

1-  3 

D 209 

MAG-D 

DST 
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Fig.  5b.  Squared  inelastic  form  factor  for  2*  states  of  the  f/  = 50  isotones. 


Table  6 

Inelastic  cross  sections  for  £,  = 209  MeV  on  **Mo 


0")  3.S7-* 

(2+)  3.09-» 

(3-)  2-85-*. 

(6^  2.61-^ 
(5-)  2.52-^ 

(4-^  2.28-b. 


&■*}  1.51 


a 

(deg.) 

(2*)e  = 1.51  MeV 
da/dl2(mb/sr) 

(3-)e  = 2.85  MeV 
do/dflfmb/sr) 

(4*)e  = 2.28  .VteV 
dCT/df?(mb/'sr) 

35 

0.209  E-li0.220E-2 

0.197  E-l±0.220E-2 

40 

0.916  E-2±0.630E-3 

0.114  E-l±0.700  E-3 

0.161  E-2±0.300  E-3 

45 

0.363  E-2±0.200  E-3 

0.708  E-2±0.440  E-3 

0.112  E-2±0.100  E-3 

50 

0.139  E-2±0.800  E-4 

0.418  E-2±0.230E-3 

0.829  E-3-^0.630  E-4 

55 

0.533  E-3 ±0.400  E-4 

0.221  E-2±0.140  E-3 

0.593  E-3±0.410  E-4 

60 

0.175  E-3±0.250  E-4 

0.957  E-3±0.470  E-4 

0.367  E-3±0.280  E-4 

65 

0.996  E-4±0.153  E-4 

0.330  E-3±0.220  E-4 

0.215  E-3-0.1S0  E-4 

70 

0.697  E-4±0.880  E-5 

0.100  E-3±0.I20  E-4 

0.124E-3^0.110  E-4 

75 

0.549  E-4  + 0.560  E-5 

0.223  E-4±0.710  E-5 

0.469  E-4-0.600  E-5 

80 

0.362  E-4±0.280E-5 

0.232  E-4±0.400  E-5 

0.193  E-4-0.250  E-5 

85 

0.214  E-4±0.170  E-5 

0.260  E-4±0.330  E-5 

0.509  E-5--0.169  E-5 

90 

0.122  E-4±0.130  E-5 

0.270  E-4::r0.250  E-5 

0.137  E-5±0.940  E-6 

95 

0.501  E-5±0.900  E-6 

0,215  E-4±0.220  E-5 

0.877  E-6±0.6S7  E-6 

no 

0.546  E-7±0.325  E-7 

0.536  E-5±0.440  E-6 

0.422  E-6±0.210  E-6 

Energy  level  diagram  given  by  ref.  -*).  Levels  excited  in  our  experiment  are  shown  with  solid  lines,  dashed  lines  correspond  to  other  levels.  The 
experimental  values  are  normalized  with  the  elastic  cross  sections  calculated  by  a phase  shift  program  using  a j-parameter  Gaussian  model.  The 
parameters  (e  = 4.610,  z --=  2.520,  w = 0.190)  arc  obtained  from  ref.  ’*). 
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Fig.  7b.  Squared  inelastic  form  factor  for  4*  states  of  the  N — SO  isotones. 
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REACTION 
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EXCITATION 

ENERGY 

SOURCE 
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TYPE  RANGE 

TYPE  RANGE 
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PPHTInL  CHaSS  S£CTICNS  3F  M3LYS3ENL:M  32 


Fig.  I.  Partial  photoneutron  cross  sections  <t(y,  n)-r<i(y,  pn)  and  a(y,  2n)  of  ’*Mo.  Arrows  5,  and 
Bit  indicate  theoretical  threshold  values  for  {y,  n)  and  (y,  2n)  reactions  respectively. 


T3TRU  CROSS  SECTION  OF  MOLYeOENUM  32 


Fig.  7.  Total  phutoncuiron  cross  section  <Tt.ii(£^)  of  ‘’-Mo.  Tlic  solid  line  is  merely  to  guide  Uie  eye.  (over) 
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Table  3 


Lorentz  line  parameters  £i,  ffi  and  A corresponding  to  the  best  single  Lorentz  line  (its  to  th>- 
esperimental  ar,»(E)  curves  shown  in  lig.  12 


El  (MeV) 

ff,  (mb) 

A (MeV) 

•*Mo 

16.9±0.1 

154±10 

5.4  ±0.2 

•*Mo 

16.4±0.1 

184±10 

5.7±0.2 

•*Mo 

16.2±0.1 

lS4i;10 

6.3  ±0.2 

••Mo 

15.8±0.1 

189±I3 

6.0±0.2 

‘••Mo 

15.7±0.1 

170+10 

7.9  ±0.2 

Table  4 


Integrated  photoneutron  cross  sections  and  sum  rules  of  the  Mo  isotopes 


Nucleus 

“Mo 

**Mo 

“Mo 

“Mo 

‘•“Mo 

£m  (MeV) 

29 

29 

29.5 

29 

28.5 

<To.  (MeV  • b) 

1.10 

1.37 

1.53 

1.60 

1.53 

0.804 

0.98 

1.08 

l.Il 

1.08 

0.06NZ.4-‘ 

ff.j.  (mb) 

60 

79.3 

89.2 

95.4 

95.4 

<r_i«  A~i  (mb) 

0.145 

0.186 

0.203 

0.211 

0.206 

<t_2,  (mb  • MeV"‘) 

3.3 

4.8 

5.1 

6.0 

6.1 

0<b-  MeV-‘) 

1.77 

2.48 

2.55 

2.91 

2.S6 

The  notation  used  is  defined  in  the  text. 
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Fig.  3.  DiSeKiUial  (y.  p)  c.'uss  sections  at  0 = 90*  analysed  front  (e.  e’p)  cross  sections  by  the  least 

structure  method. 


Fig.  4.  Angular  distributions  of  protons  from  the  (e.  e'p)  reaction.  The  bombarding  energies  are 
21.5, 22  and  20  MeV  for  **Sr,  ’°Zr  and  **Mo  respectively.  The  best  fit  curves  obtained  with  eq.  (7) 

arc  also  shown. 


Table  2 

The  parameters  of  the  angular  distributions  determined  by  the  least-squares  fits  with 
daldO  = ,4tI+5sin^fl(l-f-;;wos9)] 


••Sr 

»«Zr 

”Mo 

E,  (MeV) 

21.5 

22 

20 

A') 

1 

2.04 

6.67 

B 

0.59 

0.69 

0.057 

P 

0.59 

0.47 

2.3 

*)  Relative  value. 


Fig.  8.  The  caption  is  the  same  as  in  fig.  5.  but  a(y,  po)  is  the  present  result  while  the  plots  and 
Lorenu  line  for  the  (y,  n)  reaction  are  from  ref.  **). 

Fig.  5.  Upper  figure:  open  circles,  a(y,  p);  closed  circles,  a(y,n)  [ref.  ••)];  closed  points,  a(y,  p„) 
[ref.  ‘»)1;  solid  line.  Lorentz  line  fit  to  the  T<  region  of  a(y.  n)  [ref.  *•)];  dotted  line,  Lorenu  line 
fit  to  the  7"<  region  of  <j(y.  p)  with  Fi  and  £■«  equal  to  those  of  a(y,  n).  Lower  figure:  ratio  between 
cross  sections.  Dotted  line:  constant  for  <r(y,  p)/o(y,  n)  determined  around  T<  GDR. 

KORM  N3S-418 

(R  ev.  7.1  4.64) 

USCOMM*N3S«OC 


Shoda  et  al.,  Nucl. 
Phys.  A221  (1974)  125 
18 

A.  Lepretre  et  al.,  Nucl. 
Phys.  A175  (1971)  609 


PHOTONUCLEAR  DATA  SHEET  511 


R6F. 


H.  Bartsch»  K.  Huber,  U.  Kneissl,  H.  Krieger 
Nucl.  Phys.  A256,  243  (1976) 


EL  EM.  SVM. 


MD 


92 


42 


METHOD 


REF.  NO. 

76  Ba  1 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G.N 

RLY 

THR-UKN 

C UKN 

SCD-D 

4PI 

Table  1 


ISOMER  RATIO 


Experimental  and  theoretical  results 


Process 

Taroet- 

spin 

Spin 

high 

Spin 

low 

9 ^ 

Aop  ■■  T” 

SCOP  (») 

‘•*TaO',3n) 

i* 

93 

Z2h 
9.31  min 
8.13  h 

7- 

0.31  ^0.09 

3.6  ±0.2 

‘•“NdCy.n) 

0* 

735 

63  s 

i* 

0.033=0.006 

X20±0.06 

1100-1300. 

2.3  h 

0.19  =0.01') 

143 

**Mo(y,  a). 

632.9 

66  s 

i* 

i- 

1.03  =0.21 

5.03  ±0.75 

1208. 1308. 

13.49  tnin 

0.83  =0.07*) 

1381. 1637 

1.92  =0.13*) 

«"Mo(y,n) 

0* 

97J 

16.8^ 

0.83  ±0.24 

1.72±0.23 

140.3 

66.02  h 

‘"•Pd(y,n) 

0* 

214J 

22s 

0.3  =0.2 

3.4  ±0.3 

113 

830  ns 

“n*d(y,n) 

0* 

188 

4.7  min 

0.11  =0.02 

3.14±0.15 

113 

390  ns 

0.41  =0.09 

3.0  ±0.23 

87.7 

13.47  h 

3.2  ±0.7 

3.3  ±0.4 

•*Y(y,n) 

231.7 

14.2  ms 

8* 

1* 

0.036±0.008 

442J 

392J 

300  fa 

•)  Ret  »*).  *)  Ret 
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EXCITATION 

SOURCE 

DETECTOR 

REACTION 

RESULT 

ENERGY 

TYPE  range 

TYPE  range 

ANGLE 

G,G 

LFT 

1-  5 

C 2-6 

SCD-D 

DST 

(1.509-4.634) 

(2. 0-5.1) 

LeveU  in  ”Mo  at  1.509  (2*).  3.091  (2*).  3.925  (2"’).  3.942,  and  4.634  M«V  have  been  cscited 
bremsitrahlung.  Based  on  the  angular  distributions  of  the  resonantly  scattered  y lines,  spin  one  can  be 
unambiguously  assigned  to  the  3.942-  and  4.634-MeV  levels.  The  lifetimes  deduced  from  the  scattering  yields 
are  compared  with  the  results  of  two  sets  of  Doppler  shift  attenuation  experiments  which  had  been  analyzed 
using  different  theories  for  the  attenuation  factor  F(t). 


by 


5 STATES  1.509-4.634 


TABLE  n.  Comparison  of  the  lifetimes  derived  for 
the  '^Mo  states  from  the  resonance  fluorescence  experi- 
ments with  OSAM  results. 


Mean  lifetimes  (fs) 

Doppler  shift  attenuation 


Resonance 

Winterbon 

Blaugrund 

(MeV) 

fluorescence 

F(t) 

F(t) 

1.509 

582  ± 37 

520:}S“’* 

420:|S'’ 

3.091 

46.3  ± 4.0 

504" 

31!|' 

3.925 

13.3  ±3.6 

44,15 

29^r 

3.942 

16.5  ±2.5 

14!i*“ 

30^?' 

'Energies  according  to  Ref. 

3 (rounded  off). 

"Ref.  1. 
'Ref.  3. 


TABLE  I.  Properties  of  the  **Mo  levels  excited  with  bremsstrahlung  of  energy  ^5.1  MeV. 


(MeV) 

To/r 

ToVr  (meV) 

To  (meV) 

r (meV) 

1.509(1) 

2* 

1 

1.13  ±0.07 

1.13  ± 0.07 

1.13  ± 0.07 

3.092(2) 

2* 

0.82(2)* 

9.3  ± 0.6 

11.3  ±0.8 

13.8  ± 1.2 

3.925(2) 

2* 

0.65(5)* 

18±3 

28  ± 3 

43  ± 10 

3.944(2} 

1* 

1* 

40  ±6 

(40  ±6 
160±  20' 

40  ±6 

4.634(2) 

1* 

0.59±0.19' 

86  ± 13 

145  ±40' 

250  ± no 

'Energies  deduced  from  the  resonance  fluorescence  data. 
^Combining  the  results  of  Refs.  3 and  10. 

' From  a seif-absorption  experiment. 

'From  a comparison  of  columns  4 and  5. 


PORM  N3S-4I8 

IR  EV.  7-1  4-S4I 
USCOMM-NBS-OC 


R.  Doerr,  F.  Rauch,  et  al.,  Proc.  Int.  Conf.  on  Nucl.  Struc. 
and  Spectroscopy,  Amsterdam,  1974,  ed.  by  H.P.  Blok  and  A.E.L. 
Dieperink  (Scholar's  Press,  Amsterdam,  1974),  Vol.l,  p.l30. 

3 

C.T.  Papadopoulos  et  al.,  Nucl.  Phys.  A254 , 93  (1975). 

^^R.  Doerr  et  al.,  Jcduresbericht  1973  (IKF-32) , Inst,  fur  Kern- 

513  physik,  Frauikftirt/Main  (unpublished)  p.22. 


H.  Bartsch,  K.  Huber,  U.  Knei?J3  and  H.  Krieger 
Z.  Physik  A285,  273  (1978) 


ELEM. $VM. 


Mo 


92 


42 


REF.  NO. 

78  Ba  11 


hmg 
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REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  range 

TYPE  range 

G,NPG 

LFT 

*123(122.6) 

C 20,40 

SCD-D 

135 

Short-lived  isomers  in  the  nuclei  ®’Mo,  loijc  and  *®’Ru  populated  in  *KeV,  Isomer  LFT 

photonuclear  reactions  were  studied  by  pulsed  beam  techniques.  Energy  and  half-life  of 
the  y-rays  dee.xciting  the  isomeric  levels  were  measured  by  recording  energy-time  spectra. 

The  delayed  y-rays  and  K X-rays  were  detected  by  means  of  an  intrinsic  Ge-detector  of 
high  resolution.  From  the  measured  intensity  ratios  internal  conversion  coefllcients  were 
determined.  The  multipolarities  of  the  isomeric  transitions  could  be  deduced  in  most  cases. 

A classification  of  the  observed  isomers  has  been  tried  on  the  basis  of  the  obtained  experi- 
mental results  and  most  recent  literature  data. 


TibU  I.  Ex  penmen  til  resulu.  £:  energy.  T|,j:  balflife,  relative  intensity,  L:  multipolarity,  H‘.  hj-irimneg  factor 


Line 

£ [keV] 

Ti/i  D*s] 

Tux  D»] 
(weighted 
average) 

«« 

Intensity 

ratios 

L 

H 

"Nb 

AX-rav* 

1 

123 

122.6  ±0.2 

63  ±2 

15 

036  ±032 

£2 

120 

•=Nb 

K .X-nys 

1 

90 

90.4  ±0.2 

53  ±0.2 

103 

0.14  ±0.01 

£1 

13-10^ 

”Mo 

K X-rays 

— 

15.2  ±0.4 

15J  ±03 

1 

_ 

9S 

97.8  ±0.1 

15.6  ±0.2 

035 

1.45  ±0.27 

£2 

20 

138 

137.7  ±PJ 

0.79  ±0.09 

0.76  ±0.06 

1 

Ml 

449 

449.2  ±0.2 

0.74  ±0.08 

0.97 

0.97+0.08 

(M2) 

(37) 

K X-rays 

- 

14.8  ±0J 

14.6  ±0.4 

1 

22 

21.8  ±0.2 

16.4  ±17 

from 

0.036 

£i  + i*;.\f2 

10’ 

26 

— 

— 

X43 

- 

5.1  ±0  5 

(£2) 

43 

43.5  ±0.2 

14.4  ±0.5 

0.18 

.W1 

— 

K X-rays 

— 

83  ±0.7 

83  ±0J 

1 

29 

28.7+0.3 

- 

from 

0.027 

£2 

1 

172 

172-3  ±0.3 

8.2  ±0J 

X.172 

12 

82  ±40 

(AM,  £2) 

— 

K X-rays 

— 

— 

1 

192 

192.0  ±0.3 

636  ±8 

5.0 

0.26  ±0.06 

M2 

560 

'•'Au 

K X-rays 

- 

16.1  ±3.9 

17.5  ±0.4 

1 

220 

220.7  ±0.2 

17.4  ±0.5 

from 

7.5 

M2 

28 

306 

306.6  ±0.3 

17.7  ±0.6 

220,306 

9.1 

13±0.1 

- 

- 
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Analysis  is  made  of  reactions  interfering  with 
photon  activation  analysis  procedures. 


The  activation  yield  curves  have  been  presented  for  a number  of  photonuciear  reactions  in  the  ejtergy  range  from  30  to 
68  MeV,  in  order  to  evaluate  quantitatively  the  interferences  due  to  competing  reactions  in  multielement  photon  activation 
analysis.  The  general  features  of  the  yields  as  functions  of  both  target  mass  number  and  excitation  energy  were  elucidated 
from  the  data  obuined.  discussion  being  given  on  the  results  in  terms  of  the  reaction  mechanism. 

Simultaneous  neutron  activation  due  to  appreciable  neutron  production  from  the  converter  and  surrounding  materials 
has  also  been  studied,  and,  finally,  the  magnitudes  of  interferences  in  real  multielement  analysis  were  given  in  the  form 
of  their  energy  dependences. 
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Fig.  2.  Yield  per  equivalent  quanta  versus  target  neutron  num- 
ber. 


Fig.  7.  Activation  yield  curves  for  the  reactions  on  Y,  Zr,  Nb 
and  Mo. 

♦ «’Y(’/,n)«Y,  O ‘«’Zr(y,  n)»’Zr.  O ’«Zr(y.  pn)»*  Y. 
d ’^Nb(y,  n)”"’Nb.A  ”Nb(y,  Y.  B '“°Mo(y.  n)'’‘’Mo. 
<*  ’^Moty,  p)'"‘Nb.  a ’'•Moiy.  p)'’5™Nb,0'^-'Mo(Y.pn)''='"Nb, 
□ ’^Mo(y,  2n)^’’.Mo.7  ’^Mo(y.  arn)*’Zr. 
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J J Murphy.  II.  D.M.  Skopik.  J.  Asai.  and  J.  Uegaki 
Phyi.  ^v.  C 18.  736  (1978) 


REF. 


METHOD 


REACTION 


E.A 


RESULT 


ABX 


EXCITATION 

ENERGY 

5-100 


SOURCE 


100 


MAG-D 


a puTiclet  firom  Ihc  dectrodiaintegntioii  of  sevea  nuclei  with  Z berveen  29  and  79  have  been  observed. 
Enerty  spectn  at  SOT  in  the  labotatory  for  six  nuclei  and  ansnlar  distribtions  for  five  nuclei  ate  repotted. 
The  croM  sections  exhibit  a broad  peak  whose  msgnitude  decreases  with  increasing  2;  the  energy  of  the 
peak  increases  as  Z increases.  Angular  disthbutions  at  the  highest  energia  measured  become  increasingly 
forward  peaked  suggesting  a direct-reaction  process. 


EL  EM.  SYM.  A 

Mo 


REF.  NO. 

78  Mu  9 

DETECTOR 

range 


ANGLE 


DST 


FIG.  2.  The  a -particle  energy  spectra  at  50*  In  the 
laboratory  for  the  four  new  nuclei  studied  as  well  as  for 
two  nuclei  in  which  additional  data  have  been  obtained. 
The  solid  curves  are  the  ervaporation  model  fits  de- 
scribed in  text. 


z 


FIG.  3.  Energy  of  the  cross  section  peak  as  a ftmetion 
of  Z.  The  solid  line  is  die  energy  of  the  classical 
Coulomb  barrier.  The  closed  circles  are  the  current 
work;  the  open  circles  are  from  Ref.  1. 


^J.J.  Murphy, 
D.M.  Skopik, 
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II,  H.J.  Gehrhardt,  and 

NUCl  . PhyS  . A277,  69  (1977)  fig.  4.  Magnitude  of  cross  section  peak  as  a function 

of  Z.  The  closed  circles  are  the  current  work;  the  OVST 


open  circles  are  from  Ref.  1 . 
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FIG.  S.  Asgolar  diatributlona  for  moljrbdeoum.  Errors 
are  statistical;  curves  are  to  guide  the  eye.  bicreased 
forward  peaking  with  Increasing  energy  la  taken  as  evi- 
dence for  the  importance  of  the  direct  process  at  higher 
energies. 
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DETECTOR 

ANGLE 

TVPC  PANOC 

TVPC  PANGC 

E,A 

SPC 

UKN 

D 120 

MAG-D 

30 

•nis  paper  preseots  energy  spectra  of  a particles  emitted  foUowtng  the  bombardment  PREEQUILIB  A EMISS 
of  Al,  "‘‘NI,  **Mo,  *^Mo,  and  **^Au  with  120-MeV  electrons,  together  with  a-particle 
angular  distributions  from  ‘®^Au  and  "“Nl  for  £„  «30  and  50  MeV.  The  data  are  com- 
pared with  preequilibrium  exciton-model  and  statistical-model  calculations.  It  is  con- 
cluded that  few-step  processes  are  dominant  in  the  production  of  a particles  with  ener- 
gies above  20  MeV. 


FIG.  1.  Q-partlcle  energj’  spectra  at  9a  =30%  for  £, 
= 120  MeV.  Errors  shown  are  tha  sum  of  statistical 
and  systematic  contributions.  The  solid  lines  are  a 
guide  to  the  eye. 


TABLE  I.  Temperatures  corresponding  to  the  pre- 
equilibrium component  of  the  {e,a)  reaction,  derived 
from  energy  spectra  at  9a  = 30*for  £,=  120  MeV. 


Target  Temperature*  (MeV) 


”A1 

5.3 

»*'Ni 

5.5 

•»Zn 

5.4 

*^Mo 

5.6 

‘•Mo 

5.4 

Wau 

6.1 

•Error  is  ±0.2  MeV. 
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REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  range 

TYPE  range 

G,G 

ABX 

15-23 

D 15-23 

NAI-D 

90 

Quasimonochromatic  photons  have  been  used  to  measure  elastic  and  inelastic  photon 
scattering  cross  sections  in  the  giant  dipole  resonance  region  of  ”Cr,  Fe,  “®Ni,  ’^Mo.  and 
“^Mo  in  an  experiment  in  which  the  elastic  and  inelastic  scattering  are  resolved.  The  elas- 
tic scattering  cross  sections  show  clear  evidence  for  isospin  splitting  of  the  giant  dipole 
resonance.  The  inelastic  scattering  to  low-lying  vibrational  levels,  which  is  a measure  of 
the  coupling  between  the  giant  dipole  resonance  and  collective  surface  vibrations,  is  in 
qualitative  agreement  with  the  predictions  of  the  dynamic  collective  model.  However, 
when  examined  in  detail,  this  model  does  not  provide  an  adequate  description  of  the 
scattering  data. 


NUCLEAR  REACTIONS  ’H:r.  Fe,  "Ni,  ’^’‘Mo  (y,/).  14  22 

MeV;  measured  £,,  E/,  da/dCl  for  yp.^i-  Compared  to  DCM  predic- 
tions. Tagged  photons. 


FIG.  5.  Elastic  (closed  circles)  and  inelastic  (open  cir- 
cles) scattenng  cross  sections  at  0 = ‘)0’  on  ^’Mo.  The 
error  bars  represent  statistical  uncertainties  only.  The 
solid  (dashed)  lines  are  DCM  calculations  for  the  elastic 
and  inelastic  cross  sections  including  tnot  including)  the 
effect  of  isospm  splitting. 
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Tile  method  is  developed  for  calculation  of  the  isomeric  ratio  for  the  case  of  low  excitation  energy  of  the 
residual  nucleus,  and  the  isomeric  ratio  is  measured  in  the  {n,2n)  and  iy,n)  reactions  in  the  neutron-deficient 
nuclei  *'Mo.  ’®Zr.  “Sr.  and  ’'Se.  The  good  agreement  between  the  experimental  and  theoretical  results  on  the 
(y,  n|  reaction  has  confirmed  the  reliability  of  the  characteristics  of  the  residual  nuclei,  the  transmission 
coefficients  of  the  emined  neutrons,  etc.,  used  in  the  calculations.  From  study  of  the  in,  2n)  reaction  we  have 
obtained  values  of  the  parameters  of  the  spin  dependence  of  the  level  density  of  the  nucleus  in  the  excitation- 
energy  region  — 14  MeV. 


ISOMERIC  RATIO 


PACS  numfae»  -f  y.  23.4aCr,  27.50.  + e,  27.60.  -l  j 


TABLE  m.  Isomerle  ratio  in  the  fy.n)  reaction. 


Tanu  nucleu. 

Pubiithcd 

«Mo 

l.5«*O.I3 

IJS 

l.S2£0.t.S  f7fl)  \0] 
(ti-| 

083x0.07  (310  ( 13) 

"Zr 

l.:>2±0.<>4 

1.49 

O.jalxii.lS  (3ui  |I3| 

••Sr 

i\7*te0.07 

0.80 

il.CSxi>.t4  1301  (lj| 

■‘St 

7.3x  1.0 

10.3  *» 

'*In  parentheses  we  have  given  the  values  of  the  bremsstrah- 
lung  maximum  energy. 

^*10  the  calculations *we  used  the  ^Se  level  scheme  of  Ref.  3, 
l.-T/T  and  f,=  l/r. 

^'In  the  calculations  we  used  the  level  scheme  of  ^Se  in  Ref.  3, 
/,  = 9/2*  and /,  = 3/r. 
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Isomer  ratio  = (yield  to  low  spin  state)/(yield  to  high  spin  state) 


ISOMER  RATIO 


Tabic  2.  isomer  ratio  mea.suremenis  for  "Mo.  '"Ce.and  '*'Nd 


Reaction 

isomer 

/* 

f 

/• 

Threshoid 

4M-''» 

ratio 

Target 

Ground 

isomer 

(MeV) 

(MeV) 

state 

**Mrty.<i>"Mo 

l•92«0•IS 

0* 

9/2* 

1/2- 

1313 

16-60 

"Mo<y.3nrMo 

t-.<(9x(H6 

0* 

30-72 

I6-.S2 

'**Ce(y.  ni'^Ce 

3-1 

0* 

3/2* 

ii/2* 

10-31 

15-30 

'•Ce(y.3#i)*»»Ce 

I•la±0•l2 

0* 

26-34 

15-26 

3-2  *0-3 

0* 

3/2* 

\m* 

9-79 

15-22 

'"Nd(r.3n»*"Nd 

i-80±0-23 

0* 

23-67 

15-17 
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Fig.  IS  Comparison  of  Che  total  ^hotoneu- 
tron  cross  sections'  of  ^'^Mo  °‘*Mo 
^®Mo  ^®Mo  and  ^®°Mo 


Table  I 


Isotopes 

52Mo 

^‘•Mo 

56mo 

38Mo 

10°Mo 

®on 

0.83 

0.98 

1.08 

I .1  1 

1 .08 
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TOTAL  CROSS  SECTION  OF  M0LY90ENUM  3M 


Fig.  2.  Same  as  fig.  1,  for  ’*Mo. 


Table  3 

Lorentz  line  parameters  Ei,  Oi  and  i'l  corresponding  to  the  best  single  Lorentz  line  fits  to  thir 
experimental  curves  shown  in  fig.  12 


Et  (MeV) 

ffi  (mb) 

A (MeV) 

»*Mo 

16.9db0.1 

154±10 

5.4+0.2 

•*Mo 

16.4±0.1 

I84±I0 

5.7±0.2 

»‘Mo 

16.2±0.I 

1S44;10 

6.3  ±0.2 

**Mo 

IS.8±0.I 

189±1S 

6.0±0.2 

«««Mo 

15.7±0.1 

170±10 

7.9  ±0.2 

Table  4 


Integrated  photoneutron  cross  sections  and  sum  rules  of  the  Mo  isotopes 


Nucleus 

«Mo 

»«.Mo 

’®Mo 

’’.Mo 

£-m  (MeV) 

29 

29 

29.5 

29 

:s.f 

(To.  (MeV  ■ b) 

1. 10 

1.37 

1.53 

1.60 

1.5S 

<To« 

0.804 

0.98 

1.08 

1. 11 

l.Ci 

0.06  NZA-' 

(7_i,  (mb) 

60 

79.3 

89.2 

95.4 

95.‘'- 

<T_i, /1*1  (mb) 

0.145 

0.186 

0.203 

0.211 

0.2.C 

<r_i,  (mb  • McV“‘) 

3.3 

4.8 

5.1 

6.0 

6.1 

o_2b  A~i  O'h  • MeV"*) 

1.77 

2.48 

2.55 

2.91 

2.S5 
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REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  range 

TYPE  RANGE 

G.NPG 

LFT 

*91(90.4) 

C 20,40 

SCD-D 

135 

Short-lived  isomers  in  the  nuclei  ”Mo,  ’«•  i<»>- loijc  and  ‘°‘Ru  populated  in 

photonuclear  reactions  were  studied  by  pulsed  beam  techniques.  Energy  and  half-life  of 
the  y-rays  dee.xciting  the  isomeric  levels  were  measured  by  recording  energy-time  spectra. 
T^e  delayed  y-rays  and  K X-rays  were  detected  by  means  of  an  intrinsic  Ge-dete«or  of 
high  resolution.  From  the  measured  intensity  ratios  internal  conversion  coeflidents  were 
determined.  The  multipolarities  of  the  isomeric  transitions  could  be  deduced  in  most  cases. 
A classification  of  the  observed  isomers  has  been  tried  on  the  basis  of  the  obtained  experi- 
mental results  and  most  recent  literature  data. 


*KeV,  Isomer  LFT 


TaU*  1.  ExperimenUl  reaulu.  £;  energy.  T,,,:  haHlife,  /^;  relative  intensity,  L:  multipolarity.  Hi  hindrance  faaor 


UlM 

£ [keV] 

T.„  Cixs] 

D«] 

(weighted 

average) 

«c 

Intensity 

ratios 

L 

H 

>lb 

K X-ravs  — 

1 

— 

— 

— 

123 

122.6  ±0.2 

63  ±2 

15 

056  ±052 

£2 

120 

•=Nb 

K .X-rays  — 

— 

1 

- 

- 

- 

90 

9a4±0.2 

55  ±0.2 

lOJ 

0.14  ±0,01 

£1 

15  10^ 

**Mo 

K X-rays  — 

15.2  ±0.4 

15J  ±02 

1 

- 

- 

- • 

98 

97.8  ±0.1 

15.6  ±02 

055 

1.45  ±057 

£2 

20 

138 

137.7  ±JJJ 

0.79  ±0.09 

0.76  ±0.06 

1 

1)1 “ 

Ml 

- 

4S9 

449.2  ±0J 

0.74  ±0.08 

0.97 

0.97  ±0.08 

(A12) 

(37) 

K X-rays  — 

14.8  ±0J 

14.6  ±0.4 

1 

- 

- 

22 

21.8  ±0J 

16.4  ±X7 

from 

0.036 

£l-t-l*i.W2  10' 

26 

— 

X.43 

- 

5.1  ±0.5 

(£2) 

— 

43 

43.5  ±0.2 

14.4  ±0J 

0.18 

Wl 

— 

■•'nc 

K X-rays  - 

8.2  ±0.7 

8-2  ±0.3 

1 

- 

- 

29 

28.7  ±0.3 

— 

from 

0.027 

tlTj/t)** 

£2 

L 

172 

172J±0.3 

8.2  ±05 

X,  172 

22 

82  ±40 

(AM,  £2) 

— 

‘”Tc 

K X-rays  - 

1 

- 

- 

- 

192 

1920±0.3 

636  ±8 

5.0 

0.26  ±0.06 

M2 

560 

‘•'Ru 

K X-rays  — 

16.1  ±3.9 

17.5  ±0.4 

1 

— 

- 

220 

220.7  ±0.2 

17.4  ±0.5 

from 

7.5 

t)0»/t)10“ 

Af2 

28 

306 

306.6  ±0.3 

17.7  ±0.6 

220,306 

9.1 

15  ±0.1 

— 

• 
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METHOD 
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DETECTOR 
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TYPE  range 

6,PN 

ABY 

17-68 

C 30-68 

act 

4PI 

G,AN 

ABY 

14-68 

C 30-68 

ACT-^ 

4PI 

Analysis  is  made  of  reactions  interfering  with 
photon  activation  analysis  procedures. 

The  activation  yield  curves  have  been  presented  for  a number  of  photonuclear  reactions  in  the  epergy  range  from  30  tc 
68  MeV.  in  order  to  evaluate  quantitatively  the  interferences  due  to  competing  reactions  in  multielement  photon  activation 
analysis.  The  general  features  of  the  yields  as  functions  of  both  target  mass  number  and  excitation  energy  were  elucidated 
from  the  data  obtained,  discussion  being  given  on  the  results  in  terms  of  the  reaction  mechanism. 

Simultaneous  neutron  activation  due  to  appreciable  neutron  produaion  from  the  converter  and  surrounding  materials 
has  also  been  studied,  and,  finally,  the  magnitudes  of  interferences  in  real  multielement  analysis  were  given  in  the  form 


(G,PN) 

(G,AN) 


TO  NB-92M 
TO  ZR-89M 


of  their  energy  dependences. 


Nt 

Rg.  2.  Yield  per  equivalent  quanta  versus  target  neutron  num- 
ber. 


Fig.  7.  Activation  yield  curves  for  the  reactions  on  Y.  Zr,  Nb 
and  Mo. 

♦ «’Y(y.n)«*Y,  O '«Zr(7.n)S’Zr.  O ’°Zr(y,  pn)««  Y. 
d «Nb(v,n)«"’Nb.A  ’^Nbiy.  xn)f*  Y.  B ""Moly.  nt^’Mo. 
O ’^Mo(y,  p)’*Nb.  a ’’‘Mofy,  pt^’^Nb.O  ”Mo(y.  pn)'^^"’Nb. 
□ «Mo(y,2n)^Mo.v  ’“Moly.  amt^’Zr. 


-ORM  N3S-4I8 


(over) 

u.S.  CEPartmEnTOF  CCmmerce 
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E max  ( M cV  ) 


Fig.  1 1.  Yields  of  the  (y.  pn)  reactions  as  a function  of  brcms- 
strahlung  maximum  energy  and  target  mass  number.  The 
numerical  values  in  the  figure  are  yields  per  equivalent  quanta 
in  mb. 
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E.A 

SPC 

UKN 

0 120 
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This  paper  presents  energy  spectra  of  a particles  emitted  following  the  bombardment  noccnim 
of  *^A1,  “•*N1,  **Mo,  **Mo,  and  **^Au  with  120-MeV  electrons,  together  with  a-partlcle  PREEQUILIB  A EMISS 
angular  distributions  from  **^Au  and  ***N1  for  Ea  • 30  and  50  MeV.  The  data  are  com- 
pared with  preequilibrium  exciton-model  and  statistical-model  calculattons.  It  is  con- 
cluded that  fow-step  processes  'are  dominant  In  the  production  of  a particles  with  ener- 
gies above  20  MeV. 


FIG.  1.  o-parttcle  energy  spectra  at  9^  = 30*,  for 
120  MeV.  Errors  shown  are  the  sum  of  statistical 
and  systematic  contributions.  The  solid  lines  are  a 
guide  to  the  eye . 


TABLE  I.  Temperatures  corresponding  to  the  pre- 
equilibrium  component  of  the  (e,a)  reaction,  derived 
from  energy  spectra  at  9a  = 30*  for  120  MeV. 


Target 

Temperature*  (MeV) 

«A1 

5.3 

««*Nl 

5.5 

**Zn 

5.4 

**Mo 

5.6 

”Mo 

5.4 

isTau 

6.1 

•Error  is  ±0.2  MeV. 
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TVPK  HANaC 

G .G 

ABX 
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6 
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Elastic  scattering  by  nuclei  in  the  range  of  mass  numbers  between  64  and  238  has  been  6.555  MEV 
studied  with  monochromatic  photons  in  the  energy  range  between  2 and  8 MeV.  These 
photons  were  provided  either  by  a Ti(n,y)  source  installed  in  the  tangential  through 
channel  of  the  Grenoble  high  flux  reactor,  or  by  ^*Na  and  **Co  sources  produced  by 
deuteron  bombardment  of  A1  or  Fe  at  the  Gottingen  cyclotron.  The  photoexcitation  of 
23  nuclear  levels  has  been  observed  and  the  decay  properties  and  groundstate  widths  of 
the  majority  of  these  levels  have  been  determined.  For  the  lead  scattering  target  the  co- 
herent elastic  differential  cross  section  has  been  studied  in  detail.  There  is  evidence  that 
below  the  photo-neutron  threshold  the  elastic  scattering  via  virtual  photoexcitation  of 
the  nucleus  can  be  approximated  by  extrapolating  the  real  part  of  the  Giant  Dipole 
Resonance  amplitude  along  a Lorentzian  curve.  Coulomb  corrections  to  Delbriick  scat- 
tering seem  to  play  a small  role  at  6.5  MeV. 


TaUc4.  Properties  of  levels  observed  by  phoioexcitation.  (de/dfl)''*';  experimental  differential  cross  section  per  iden- 
tified isotope  or  element  for  resonance  scattering  through  e-90*.  /•;  spin-parity  of  excited  level;  W{e):  angular  cor- 
relation function:  g=>«t2/„  + 1)/(2/,+ 1);  f^;  radiative  groundstate  transition  width,  T : total  level  width.  Errors  in  the 


last  digits  are  given  in  parentheses 


Isotope 

(MeV) 

(dff/dQ)"'"'  ■ 
(pb/srl 

!• 

To/r* 

M'(0)gro*/r 

(meV) 

(meV) 

To* 

(meV) 

»*u 

1754 

13  (4) 

(1) 

0.77 

0.145 

0.084 

- 

21»u 

3.254 

421  (5) 

1- 

0.24 

0.83 

1.5 

0.52(15)* 

«’Bi 

6.555 

11  (4).  10* 

- 

- 

0.74 

0.74* 

- 

20*Bi 

7.168 

1.7  (3)- 10’ 

9/2** 

1.00 

710 

786 

820  (40)* 

20JTI 

6.418 

8.75(30)- 10’ 

1/2* 

0.28 

30 

102 

82  (15)* 

T1 

6.759 

7 (3) 

- 

- 

- 

- 

Hg 

6.555 

68  (17) 

- 

- 

- 

- 

186^ 

6.418 

5.2  (3)- 10* 

1-* 

0.32 

1.75 

14 

- 

'•*W 

6.555 

9.8  (10)- 10* 

(1) 

0.52 

3.44 

19 

- 

'»*W 

6.759 

46  (10) 

(1) 

0.58 

0.17 

0.13 

- 

■‘»Ta 

3.010 

174  (17) 

- 

0.72 

0.42 

0.59 

- 

‘"‘Ta 

6.418 

62  (4) 

- 

0.73 

0.2 

0.27‘ 

- 

>»>Ta 

6.759 

4.8  (12) 

- 

- 

0.018 

0.018* 

- 

‘•’Ho 

6.418 

10.3  (30) 

- 

- 

0.035 

0.035* 

- 

'•’Ho 

6.759 

5.6  (14) 

- 

- 

0.021 

0.021* 

- 

Nd 

1754 

2.6  (5) 

- 

- 

- 

- 

- 

Nd 

3.254 

14.0  (10) 

- 

- 

- 

- 

* 

Ce 

6.759 

13.4  (10) 

- 

- 

- 

- 

* 

'^'Sb 

3.452 

2.20  (5)- 10’ 

- 

0.60 

2.9 

4.9* 

- 

“>®Mo 

6.418 

1.53  (4).  10* 

1-* 

0.88 

52 

26 

25  (8)* 

•*Mo 

6.555 

4.4  (4).  to’ 

(1) 

0.33 

15 

21 

- 

Mo 

6.759 

6.2  (15) 

- 

- 

- 

- 

Mo 

7.168 

8.2  (261  10* 

- 

- 

- 

• 

* [11]  " W'(01gf^r=l  assumed  ‘ IV(0)g=l  assumed 

* [28]  (a  small  correction  has  been  applied  to  the  data  of  [28]) 

* Upper  limits  in  case  not  all  the  transitions  to  lower  levels  were  observed 

' Present  work  ‘ Previous  work 
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Capture  of  7-ray  spectrum  studied 
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capture. 
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Summary 

The  eross'sections  of  the  (y,  p)  (Y.  d)  reactions  were  investigated.  LF,  Be*,  C*.  Si*. 
Cu®,  Mo*  and  Ta‘*‘  tarfrets  were  irradiated  with  the  bremsstrahlung  of  700  and  1200  MeV 
maximum  energy  from  the  Kharkov  PhTI  Ac,  Sci.  UkrSSR  linear  accelerator.  The  photo- 
protons and  deuterons  were  detected  by  the  scintillation  telescope  at  30*.  60*.  and  120* 
with  the  beam.  Possible  mechanisms  of  the  proton  and  deuteron  photoproduction  are  dis- 
cussed. The  qualitative  agreement  of  A dependence  of  the  cross-sections  is  observed  with 
a suggestion  on  the  meson  mechanism  for  these  reactions. 
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O“”f»*l20  Mea,  — £,  — 157  Mea,  * — £,—230  Mea.  AOcoxioTHe  SHavcHHii  nepepiay 

HaaeAeHO  npu  eMeprii  nporoHis  £,  — 120  Mea.  iHuii  Aaui  HopMosaui  ao  nepepiay  aax  Li' 

npH  £,—  120  Mea. 

Phc.  2.  SanewHierb  nepepiay  (y,  d)-peaKuiI  aiA  NZIA:  a — d-30*.  £<-97  Mea-,  d — d— 
“30*.  £^— 205  Mea\  a:  A — ^-60*.  £<-97  Mea,  O — d— 120*,  £<—97  Mea  (nepepiaH 
Haseaeni  a oaiihiiuhx  I0~“  CM^/crep-Mea’Q). 
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D 
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Self- Absorption. 


6.41.  6.42  MEV 


Results  of  detesmlnation  of  the  resonsnee«level  parameters 


Source- 

seatterer 

Mer 

A 

V 

eV 

0, 

keV 

Reference 

Pb 

- Zb** 

33±4.5 

0~58i0.12 

53.70d0.13 

This  work 

Ti 

- 

»>.413 

11.2  tl.4 

0.11in.02 

8.68±  1.57 

tt 

Ti 

- 

4,413 

16  04^.10 

0.28i0.05 

8.03 ± 1.42 

M 

Ti 

- 

7.15 

1200 ±230 

0J2  ±0.07 

1.84±0.40 

19 

6.996 

1550 

- 

- 

[11 

- c«« 

7.15 

2600 ±800 

0.42±0.14 

- 

[?1 

n 

6.07 

423  ±108 

0J4±0.06 

99.1±17.4 

This  work 

6.07 

440  ±130 

0.36  ±0.07 

[5] 

Ti 

-C.« 

[6.07 

■215±  71 

0.18  ±0.04 

57.14±12  tf 

This  work 

• 

5.07 

200  ± 50 

0.1 6±  0.03 

- 

[6] 

-C.« 

f8.50 

22  ± 7 

0.26±0.08 

130 ±40 

This  work 

Cr 

8.499 

35 

75 

— 
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Fig.  15  Comparison  o£  the  cocal  phoconeu- 
tron  cross  sections  of  ^^Mo  ^**Mo 
56mo  ^®Mo  and  ^®®Mo 
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Fig.  6.  Partial  photoncutron  cross  sections  a(y,  2n)  and  a(y,  3n)  of  ®‘Mo,  ®*Mo  and  “®.Mo. 
Arrows  indicate  theoretical  threshold  values  civen  in  table  2. 
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Ei  (MeV) 
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Table  4 
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®-Mo 

’*Mo 
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29 

29.5 

29 
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95.4 

c_„  A~>  (mb) 
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0.2)6 
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Analysis  is  made  of  reactions  interfering  with 
photon  activation  analysis  procedures. 


TO  NB-95M 


The  activation  yield  curves  have  been  presented  for  a number  of  photonuclear  reactions  in  the  ejiergy  range  from  30  to 
68  MeV,  in  order  to  evaluate  quantitatively  the  interferences  due  to  competing  reactions  in  multielement  photon  activation 
analysis.  The  general  features  of  the  yields  as  functions  of  both  target  mass  number  and  excitation  energy  were  elucidated 
from  the  dau  obtained,  discussion  being  given  on  the  results  in  terms  of  the  reaction  mechanism. 

Simultaneous  neutron  activation  due  to  appreciable  neutron  production  from  the  converter  and  surrounding  materials 
has  also  been  studied,  and.  finally,  the  magnitudes  of  interferences  in  real  multielement  analysis  were  given  in  the  form 
of  their  energy  dependences. 


10'  10* 

Nt 

Fig.  2.  Yield  per  equivalent  quanta  versus  target  neutron  num- 
ber. 


Fig.  7.  Activation  yield  curves  for  the  reactions  on  Y,  Zr,  Nb 
and  Mo. 
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O ’*Moly.p)''‘.Nb.  a ’\Mo(’/.  pt’^m^b.o^-iMotY.  pn)''*"'Nb 
□ ’^Mo(A2n)’*>Mo.V  '’“Moly.OTl^’Zr 
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Fig.  10.  Yields  of  ihc  (y.  p)  reactions  as  a function  of  brems- 
strahlung  maximum  energy  and  target  mass  number.  The 
numerical  values  in  the  figure  arc  yields  per  equivalent  quanta 
in  mb. 
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Quasimonochromatic  photons  have  been  used  to  measure  elastic  and  inelastic  photon 
scattering  cross  sections  in  the  giant  dipole  resonance  region  of  ’’Cr,  Fe.  ’’Mo,  and 
’‘Mo  in  an  experiment  in  which  the  elastic  and  inelastic  scattering  are  resolved.  The  elas- 
tic scattering  cross  sections  show  clear  evidence  for  isospin  splitting  of  the  giant  dipole 
resonance.  The  inelastic  scattering  to  low-lying  vibrational  levels,  which  is  a measure  of 
the  coupling  between  the  giant  dipole  resonance  and  collective  surface  vibrations,  is  in 
qualitative  agreement  with  the  predictions  of  the  dynamic  collective  model.  However, 
when  examined  in  detail,  this  model  does  not  provide  an  adequate  description  of  the 
scattering  data. 


NUCLEAR  REACTIONS  »Cr,  Fe,  “Ni.  ’^’‘Mo  (y,/),  14  22 

MeV;  measured  Ey,  da/dCl  for  yaTi-  Compared  to  DCM  predic- 
^ tions.  Tagged  photons. 


FIG.  4.  Elastic  (closed  circles)  and  inelastic  (open  cir- 
cles) scattering  cross  sections  at  0=90*  on  ”Mo.  The 
error  bars  represent  statistical  uncertainties  only.  The 
solid  lines  are  the  DCM  calculations  for  the  elastic  and 
inelastic  cross  sections.  The  curves  corresponding  to 
calculations  with  and  without  isospin  splitting  are  indis- 
tinguishable. 
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Fig.  1.— Croaa  8«etioiM  for 
(o)  »*Mo  (y.n)  roaction, 

(6)  ‘®*Mo  (y.n)  and  (y,n)+(y,p) 
reactiona,  and 

(e)  (y.  P)  reactiona  for  »»Mo,  ••Mo, 
and  ‘WMo. 

In  (c)  the  croaa  aecUon  for  the 
*®*Mo  (y,p)  reaction  haa  been 
odjuated  in  energy.  See  text  for 
further  explanation  of  curvea. 
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Analysis  is  made  of  reactions  interfering  with 
photon  activation  analysis  procedures. 


The  activation  yield  curves  have  been  presented  for  a number  of  photonuclear  reactions  in  the  energy  range  from  30  to 
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has  also  been  studied,  and.  finally,  the  magnitudes  of  interferences  in  real  multielement  analysis  were  given  in  the  fortr 
of  their  energy  dependences. 
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Fig.  2.  Yield  per  equivalent  quanta  versus  target  neutron  num- 
ber. 


Fig.  7.  Activation  yield  curves  for  the  reactions  on  Y.  Zr,  Nb 
and  Mo. 
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Fig.  10.  Yields  of  the  (y.  P)  reactions  as  a function  of  brems- 
strahlung  maximum  energy  and  target  mass  number.  The 
numerical  values  in  the  figure  are  yields  per  equivalent  quanta 
in  mb. 
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ZufMinimen^tcllung  der  gem.  W.  Q. 
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Vcrlmllnis  tJcr  Qucruclmittc  ] 
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Zn**(y,  np)Cu***) 
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Zn«(y,  2n)Zn»» 
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•)  ffmwJ  .'5.3  mb  bci  i:.,  = 27  i 0,.'5  McV  r'=3,7JIcV.  i 

**)  Gmu:  11,3  mb  Ijci  Ey  = 22  i 0,5  McV  F = 6,4  McV.  | 
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Table  2 

Reaction  parameters 


Reaction 

Peak  energy 
(MeV) 

J<xd£ 

(MeV  • mb) 

Mo““(y,  n— y,  p) 

!5 

n 10-200 

Mo»“(y,  n) 
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750-  70 

Mo”(y.  p> 

20 

215-  50 

Mo«(y,  p) 
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U-0-  15 
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28 
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We  used  the  35-MeV  betatron  of  our  Institute  to  in- 
vestigate photoneutron  reactions  on  the  isotopes  Mo^* 
and  Mo**.  The  yield  curves  of  the  reactions  (y,  Tn) 
were  measured  in  the  energy  range  from  7 to  30  MeV 
in  steps  of  100  keV.  The  targets  were  prepared  from 
metallic  Mo.  The  content  of  the  investigated  isotopes 
was  not  less  than  97%.  The  use  of  a highly  efficient 
neutron  detector  (e  w 45%)  and  of  a multichannel 
method  of  measurements  has  made  it  possible  to  obtain 
the  yield  curves  with  high  accuracy  (0.1%  in  the  region 
25-30  MeV)  and  to  observe,  for  the  first  time,  the  in- 
termediate structure  of  the  giant  resonance  on  the  iso- 
topes of  Mo.  The  statistical  reduction  of  the  experi- 
. mental  information  and  the  determination  of  the  cross 
sections  of  the  photoneutron  reactions  was  carried  out 
in  accordance  with  a program  prepared  by  the  Compu- 
tational Center  of  the  Moscow  State  University 

The  obtained  cross  section  of  the  reactions  o(y,  Tn) 
aa(y,  n)  + 2a(y,  2n)  + o(y,  np)  are  shown  in  the  figure, 
from  which  it  is  seen  that  approximately  15  resonances 
are  observed  in  each  cross  section. 

The  widths  of  the  giant  resonances  in  the  reaction 
(y,  Tn)  on  Mo®*  and  Mo®*  are  5 and  7 MeV  respec- 
tively (curves  a in  the  figure).  After  taking  into  ac- 
count the  multiplicity  in  accordance  with  the  data  of^*^ 
for  this  region  of  nuclei,  the  cross  sections  obtained 
were  On  = ")  + ^(v.  2n)  + <r{y,  np)  (curves  b).  The 

widths  of  these  cross  sections  for  Mo®*  and  Mo®*  are 
the  same  and  equal  5 MeV.  The  curves  c correspond 
to  the  cross  sections  <j{y,  n)  + o(y,  np).  The  widths 
for  them  are  5 and  3.5  MeV  respectively  for  Mo®*  and 
Mo®*. 

The  widths  an  of  the  integral  cross  sections  of  the 
reactions  for  Mo®*  and  Mo®*  are  1.29  ± 0.13  and  2.0 
± 0.2  MeV-b.  The  integral  cross  section  On  increases 
with  increasing  N - Z for  isotopes  of  a given  element. 
It  is  interesting  to  note,  however,  that  tn  the  case  of 
Mo  the  increase  of  On  and  of  the  width  of  the  giant 
resonance  is  due  to  the  cross  section  of  the  reaction 
(y,  2n).  Thus,  for  Mo®*  we  have  a(y,  2n)  = 0.17 
± 0.02  MoV-b,  whereas  for  Mo®*  we  have  a{y,  2n) 

= 0.83  ± 0.08  MeV-b,  i.e.,  the  cross  section  of  the  re- 
action (y,  2n)  increases  by  almost  five  times.  Such  a 
sharp  increase  of  the  cross  section  of  the  reaction 
Mo®*(y,  2n)  is  connected  with  the  low  threshold  of  the 
(y,  2n)  reaction,  namely  E^Q3a(y,  2n)  = 15.5  MeV. 

For  comparison,  we  point  out  that  Ej^Qoz(y,  2n) 

= 22.8  MeV. 

For  the  reaction  (y,  n)  +(y,  np),  the  integral  cross 
sections  for  Mo®*  and  Mo®*  are  respectively  1.12 
± 0.11  and  1.10  ± 0.11  MeV-b. 


Effective  cross  sections  for  Mo*'  and  Mo'”:  a - a(y.  TnV.  h - aiy. 
n)  + 0(7,  2n)  + 0(7,  np);  c - 0(7.  0(7.  npV.  J - ro:j!-jbscrrt'.on 

cross  section  o-y.  obtained  in  (®I  for  Mo  ’'*  (richt-lund  scale. 


There  are  at  present  no  published  data  on  the  struc- 
ture of  the  photoneutron  cross  sectio.ns  on  the  Mo  iso- 
topes. Such  general  characteristics  of  the  giant  reso- 
nance as  the  position  and  magnitude  of  the  integral 
cross  section  are  known  only  for  the  reaction 
Mo®®(y.  n)'®*’'.  Even  tltese  results,  however,  are  highly 
contradictory.  Thus,  data  on  the  widtli  of  the  giant 
resonance,  obtained  in^®’.  e.xceed  the  data  of  by  a 
factor  of  2, 

In  conclusion,  let  us  compare  the  experimental  re- 
sults obtained  by  us  with  the  calculations  performed  on 
the  basis  of  the  collective  dynamic  theory  The 
pliotodisintegration  of  the  Mo"*  was  calculated  within 
the  framework  of  this  theory,  ;md  the  result  is  shown 
in  the  figure  (curve  d).  We  see  that  the  tlieoretical 
calculation  agrees  only  roughly  with  the  e.xperimental 
dat.a.  The  e.xiierimentally  measured  cross  sections  re- 
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Fig.  6.  Partial  photoneutron  cross  sections  a(y,2n)  and  o(y,  3n)  of  **Mo,  ®*Mo  and  '““.Mo. 
Arrows  indicate  theoretical  threshold  values  given  in  table  2. 
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95.4 

<r_i«>4"3  (mb) 

0.145 

0.186 

0.203 

0.211 

0.2J6 

c_j.(mb-McV-‘) 

3.3 

4.8 

5.1 

6.0 

6.1 

<T_j,  A~i  (jib  • McV”‘) 

1.77 

2.48 

2.55 

2.91 

Z.iS 

The  notation  used  is  defined  in  the  text. 
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METHOD 


ELEM.  SYM. 


Mo 


100 


42 


REF.  NO. 


74  Wb  2 


egf 


RESULT 

EXCITATION 

SOURCE 

DETECTOR 

REACTION 

ENERGY 

TYPE  RANGE 

TYPE  range 

ANGLE 

$ G,G 

LFT 

00 

1 

D 6-8 

SCD-D 

DST 

6 = Doppler  width 


6.418.  7.637 


T.\dle  4 


Upper  limit  of/’o//’,  the  temperature  variation  ratio  Hr,  and  the  self-absorption  ratio  R 


Scatterer 

(y-souree) 

£o 

iMcV) 

roll' 

(±15%) 

Rt  ■') 

£(%)“) 

‘’CuCTi) 

6.556 

0.80 

0.94  ±0.02 

1.1  ±0.5 

‘»Ga(Cu) 

7.306 

0.52 

1.03  5 ±0.004 

3.5±0.5 

‘®»Mo(Cu) 

7.637 

0.23 

1.043  ±0.007 

0.8  ±0.3 

‘°OMo(Ti) 

6.418 

0.85 

1.032  ±0.003 

0.6±0.3 

"»Sn(Cu) 

6.938 

0.84 

1.020  ±0.009 

5.7±0.2 

‘“Te(Cu) 

7.915 

0.4  ±0.1 

0.95  ±0.05 

6 ±5 

”«Te(Cu) 

7.637 

0.45  ±0.10 

0.34  ±0.05 

0.9±1.5 

‘”L.'.(Cu) 

7.637 

0.55 

0.95  ±0.01 

2.2  ±0.3 

‘”La(Ti) 

6.413 

0.78 

0.968  ±0.008 

6.4±0.8 

‘*‘Pr(Cu) 

7.915 

0.25 

1.02  ±0.01 

0.9  ±0.9 

‘•“Pr(Cu) 

7.252 

0.51 

1.005x0.003 

5.9  ±0.4 

“•‘Nd(Cu) 

7.915 

0.27 

0.89  ±0.05 

< 0.5 

‘*‘W(Ti) 

6.418 

0.31 

1.030  ±0.004 

< 0.5 

”*Tl(Ti) 

6.413 

0.28 

1.03  ±0.01 

1.6±0.3 

^®*Tl(Cu) 

7.252 

0.58 

1.02  ±0.01 

1.6±0.7 

-®»Bi(Cu) 

7.637 

1.00 

1.00  ±0.02 

2 ±1 

7.168 

1.00 

0.971  ±0.005 

28.0±0.6 

')  The  values  of  Rr  arc  given  for  10  g/cm-  thick  scatterers  placed  at  an  angle  of  60°  and  a 
detector  angle  of  135°. 

")  The  values  of  R arc  given  for  the  same  scatterer-detector  geometry  as  that  of  Rt  and  a 
20  g/cm-  thick  absorber. 

Table  7 

Summary  of  F,  To  and  5 of  resonance  levels  measured  in  the  present  work  and  in  earlier  works  ‘ 

Isotope 

Energy 

(MeV) 

r 

(meV) 

Fo 

(meV) 

6 

(eV) 

Ground  state 
transition 

«»Cu 

6.556 

70  + <io 

23!” 

11.2  ±0.8 

«®Ga  •) 

7.306 

105±40 

48±  7 

6.2  ±0.5 

r.i 

‘°®Mo  °) 

7.637 

140±40 

40±  5 

4.5  ±0.5 

El 

looMo ') 

6.418 

50  ±35 

25±  8 

4.25±0.25 

r.i 

“*Sn 

6.988 

152±  5 

123±  3 

5.5  ±0.5 

Ei 

ijsTe 

7.915 

12±  6 

5=  2 

11  ±2 

Ml 

tsoTo 

7.637 

60±30 

30±10 

15  ±2 

EI 

‘”La  ») 

7.637 

170  ±40 

47±  6 

10.5  ±0.5 

E' 

»”La  ■>) 

6.418 

85!” 

67±  8 

9.5  ±0.5 

A 

i4ipr  b) 

7.915 

7±  3 

2±  1 

6.6  xI.O 

Ml 

lAiprb) 

7.252 

290  ±30 

110±10 

6.4  xO.5 

El 

‘““Nd  •) 

7.915 

30±10 

3±  3 

14.0  ±0.5 

-Ml 

'•«W 

6.418 

46±35 

6±  3 

1 xl 

EI 

6.418 

350  ±60 

82±15 

0.5  ±0.5 

205T1 

7.252 

50  ±30 

25±  6 

5.2  ±1.5 

Ml 

JosBi 

7.637 

> 500 

> 30 

209Qi  b) 

7.168 

820±40 

820  ±40 

5.8  ±0.3 

El 

“)  Ref.  »)  Ref.  •).  ■=)  Ref.  ‘’). 
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Taole  6 


Values  of  /^2.  ^||/*Vx.  spins,  and  mixing  amplitudes  .v 


Scattcrer 

(y-source) 

Eo 

(MeV) 

^2 

'V||/rVx 

/o’' 

J" 

4" 

A* 

*’Cu(Ti) 

6.556 

0 

1 - 

•V 

1 - 

0 

*®Ga(Cu) 

7.306 

0.14  ±0.01 

1. 046  ±0.022 

j- 

s ^ 

0 

»®®Mo(Cu) 

7.637 

0.49  ±0.05 

1.17  --0.05 

0* 

\- 

0* 

0 

‘®»Mo(Cu) 

7.102*) 

0.013±0.016 

0* 

1- 

-0.06-0.02  “) 

‘®®.Vlo(T0 

6.418 

0.52  ±0.02 

1.15  ±0.03 

0* 

1- 

0* 

0 

‘“®Mo(Ti) 

5.355  •) 

0.19  ±0.08 

0* 

1- 

“JT 

0.21--0.12“'» 

“*Sn(Cu) 

6.988 

0.48  ±0.02 

1.12  ±0.05 

o* 

1- 

O-’- 

0 

“®Te(Cu) 

7.915 

0.46  ±0.11 

0.86  -0.10 

0* 

1 + 

O'- 

c 

”»Te(Cu) 

7.637 

0.48  ±0.04 

1.12  ±0.04 

1- 

0* 

0 

“*La(Cu) 

7.637 

0.16  ±0.02 

I.024  -0.0I5 

7 

0 

»»»La(Ti) 

6.418 

0.093  ±0.004 

1.0184-0.006 

1* 

i- 

0 

‘♦‘Pr(Cu) 

7.915 

0.41  ±0.06 

0.94  4-0.03 

■f  * 

.*  ^ 

‘■“Pr(Cu) 

7.252 

0.23  ±0.06 

1.03  ±0.02 

i* 

w 

-O.OS 

0 

“■‘Nd(Cu) 

7.915 

0.50  ±0.03 

0.92  ±0.09 

0* 

i* 

O-’- 

0 

‘•‘W(Ti) 

6.418 

0.49  ±0.05 

1. 15  --0.06 

0* 

1- 

O'- 

0 

‘*«W(Ti) 

6.296  *) 

-0.011  ±0.014 

0* 

1- 

2* 

— 0. 10  — Ct  0' 

^“^TlCTi) 

6.418 

0 

I.Ol  4-0.01 

.V 

4- 

(j 

^“’Tl(Cu) 

7.252 

0.71  ±0.08 

0.90  ±0.02 

i* 

1* 

—0.25—0.05 

*®*Tl(Cu) 

7.047  *) 

-0.69  ±0.03 

J,.+ 

T 

0.33  -0.04 

”*Bi(Cu) 

7.637 

0.24  ±0.04 

(S) 

!!■- 

*“®Bi(Ti) 

7.168 

0.20  ±0.02 

1.040±0.015 

0 — 

0 + 

1)  ?».  I'orsh  ci  al, , rt-yj.  Hev. 
C2  (1970)  1144 

G)  A,  Gt  al. , lay:;. rev. 

C6  (1572)  2276 

la)  i'lorca  St  G-L.  9 t'l.yt.  Istt. 

560  (1971)  71 

16)  R.  Korea  ot  al.  , V'hyo.  Rsv. 
C7  (1975)  1CG5 

17)  R.  Koreh  et  al. « Kacl.  I’hya 
A217  (1973)  477 

29)  R,  Korth  st  al. , rhya.  Rev. 
C4  (1971)  2255 

30)  R.  Ucrdi  ec  al. , I-hys.  Rev. 
178  (1569)  1961 


Errors  refer  to  one  standard  deviation. 
*)  Inelastic  transitions. 

")  Ref. »’). 

‘)  Ref.  “). 


Taule  8 

Values  of  f^i,  /C(T|  and 


ni  transitions 


Ml  transitions 


.scattercr 

Eo->  r, 

O 

/c.:. 

seaUcref 

Eo-'E, 

l>  . . 

(y-source) 

(MeV) 

(meV) 

(eV) 

(IO-'’.McV--*) 

(y-source) 

(MeV) 

(ineV) 

(cV;  (10  . 

«Ni(Fe)  V 

7.646 

12300 

'“Te(Cu) 

7.915 

260 

->  1.172 

24 

0.5 

— 0.666 

2.3 

— 1.421 

1.7 

«*Ga(Cu) 

7.306 

660 

->  0.572 

3.2 

1.0 

‘■“Pr(Cu> 

7.915 

90 

— 0.872 

2.7 

0.9 

— 1.298 

1.3 

Hi 

— 1.437 

0.8 

. 

‘®«Mo(Cu) 

7.637 

670 

->  1.580 

1.4 

-*  0.535 

40 

7.7 

— 1.655 

1.0 

1.063 

5.7 

1.4 

->  1.461 

1.4 

0.4 

‘■“Pr(Fc> ') 

7.632 

170 

“*Cd(Fe)  “)  ■ 

7.632 

350 

— 0.145 

— 1.130 

5.6 

6.4 

*;3 

1 

-►0.617 

11 

4 

— 1.293 

0.4 

«) 

-►  1.223 

7.3 

3.4 

— 1.437 

5.6 

1 .c 

-►  1.429 

2 

1 

— 1.451 

6.8 

1 /u 

-►  1.468 

1.7 

0.9 

— 1.532 

1.1 

*’°Te(Cu) 

7.637 
-►  0.S37 

16 

360 

5.5 

“•‘Nd(Cu) 

7.915 

330 

-►  1.5S9 

18 

8.8 

— 0.697 

13 

— 1.041 

2.7 

__ 

*”La(Cu) 

7.637 

190 

— 1.564 

6.2 

^ 1.384 

3 

2.5 

-►  1.538 

3 

2.7 

='’*Tl(Cu) 

7.252 

1200 

— 0.205 

4 

““Pr(Cu) 

7.252 

220 

— 0.146 

82 

38 

— 1.120 

8.6 

6.5 

‘•*W(Cu) 

6.418 

no 

— 0.122 

12 

14 

The  values  of  D refer  to  an  excitation  energy  Eo. 

•)  Ref.  ‘)-  °)  Ref.  ”).  ')  Ref.  ’“). 
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Mo 
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REF.  NO. 


76  Ba  1 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  range 

type  range 

G,N 

RLY 

THR-UKN 

C UKN 

SCD-D 

4PI 

ISOMER  RATIO 


Tabu  1 

Experimental  and  theoretical  results 


Process 

Target- 

spin 

(keV) 

Spin 

high 

Spin 

low 

R -ilSL 

■"«»»  ■ 

SCOP  («) 

*«‘Ta(y.  3n) 

93 

2.2  h 

7- 

1 + 

0.51  ±0.09 

3.6  ±0.2 

9.31  min 

8.15  h 

x«Nd(y,n) 

0* 

755 

63  s 

0.055  ±0.006 

2.20±0.06 

1100-1300. 

2.5  h 

0.19  ±0.01*) 

145 

•‘MoC}',  n) 

0* 

652.9 

66  s 

I* 

i- 

1.03  ±0.21 

5.03  ±0.75 

1208. 1508. 

15.49  min 

0.85  ±0.07*) 

1581.  1637 

1.92  ±0.15*) 

‘*»Mo(y,  n) 

0* 

97.3 

16.8^ 

i* 

0.85  ±0.24 

1.72±0.25 

' 

140.5 

66.02  h 

‘®»Pd(y,n) 

0+ 

214.5 

22s 

0.5  ±0.2 

3.4  ±0.5 

115 

850  ns 

“®Pdfy.n) 

0+ 

188 

4.7  min 

0.11  ±0.02 

3.14±0.15 

113 

390  ns 

4* 

0.41  ±0.09 

3.0  ±0.25 

87.7 

13.47  h 

4* 

3.2  ±0.7 

3.3  ±0.4 

•»Y(y.n) 

i- 

231.7 

14.2  ms 

8* 

1* 

0.0S6±O.0O8 

44^3 

392.5 

300 /IS 

•)  Ref.  “).  *)  Ref.  *»). 

P.E.  Hausteing  et  al.,  J.  Inorg.  Nucl.  Chem.  289  (1971) 

Carver  et  al.,  Nucl.  Phys.  37,  449  (1962) 
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method 


Ko 


100 


42 


REF.  NO. 


78  Ba  11 


hmg 

11/17/80 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  range 

TYPE  RANGE 

G.NG 

LFT 

98(97, 8)*450{49 

9.2)  C 20,40 

SCD-D 

135 

Short-lived  isomers  in  the  nuclei  ”Mo,  ^s-ioo-ioiyp  ‘°'Ru  populated  in  *KeV,  Isomer  LFT 

photonuclear  reactions  were  studied  by  pulsed  beam  techniques.  Energy  and  half-life  of 
the  y-rays  dee.xciting  the  isomeric  levels  were  measured  by  recording  energy-time  spectra. 

The  delayed  y-rays  and  K X-rays  were  detected  by  means  of  an  intrinsic  Ge-detector  of 
high  resolution.  From  the  measured  intensity  ratios  internal  conversion  coeflicients  were 
determined.  The  multipolarities  of  the  isomeric  transitions  could  be  deduced  in  most  cases. 

A classification  of  the  observed  isomers  has  been  tried  on  the  basis  of  the  obtained  experi- 
mental results  and  most  recent  literature  data. 


TaM*  1.  Experimenul  results.  E:  energy.  T,„:  haUIife,  /^:  relative  intensity.  L:  multipolarity.  H:  hind.'ance  factor 


Line 

E [keV] 

T.„  [ps] 

Tin  Cl“] 
(weighted 
average) 

Intensity 

ratios 

L 

H 

••Nb 

K X-ravs  — 

1 

• 

— 

123 

1216  ±0.2 

63  ±2 

13 

0J6±0.22 

El 

120 

•=NT) 

K .X-rays  — 

1 

- 

- 

- 

90 

90.4+01 

3.9  ±0i 

lOJ 

0.14  ±0.01 

El 

L3  10^ 

-Mo 

K X-rays  - 

151  ±0.4 

15.3  ±01 

1 

- 

- 

- 

98 

97.8  ±0.1 

13.6  ±01 

055 

1.45  ±0.27 

El 

20 

138 

137.7  ±P1 

0.79  ±0.09 

0.76  ±0.06 

1 

.VI 

- 

449 

4491  ±01 

0.74+0.08 

0.97 

0.97±0.08 

(M2) 

(37) 

-Te 

K X-rays  — 

14.8  ±0.3 

14.6  ±0.4 

1 

- 

- 

22 

21.8  ±01 

16.4  ±17 

from 

0.036 

£l  + l*i.W2 

10’ 

26 

— 

X43 

- 

3.1  ±0.5 

(£2) 

- 

43 

43.3  ±01 

14.4  +0.5 

0.18 

.Wl 

— 

='’"Tc 

K X-rays  — 

8.2  ±0.7 

81  ±0.3 

1 

- 

- 

29 

28.7+0.3 

— 

from 

0.027 

El 

1 

172 

1713  ±0.3 

8.2  ±0-3 

X.172 

12 

82  ±40 

{Ml,  El) 

— 

“”Tc 

K X-rays  — 

— 

1 

- 

- 

- 

192 

192.0  ±0.3 

636  ±8 

5.0 

016  ±0.06 

Ml 

360 

‘•'itii 

K X-rays  - 

16.1  ±3.9 

17.3  ±0.4 

1 

— 

- 

;:o 

220.7+01 

17.4  +a3 

from 

7.5 

Ml 

28 

306 

306.6  ±0.3 

17.7  ±0.6 

220,306 

9.1 

ii±ai 

— 

• 
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M. 


REACTION 

RESULT 

excitation 

ENERCY 

source 

detector 

ANGLE 

TVPC  RANCe 

TYPE  RANGE 

G,N 

RLY 

8-65 

C 65 

SCD-D 

4PI 

Isomeric  cross  section  ratios  were  measured  for  the  photonuclear  reactions  ‘°°Mo(y,n)  ISOMER  YIELD  DE-EX  G 

”"''"*’*Mo  and  ‘“^Rufy.p)  Using  the  Huizenga-Vandenbosch-method  spin  cut-  ’ 

off  parameters  were  deduced.  The  applicability  of  this  statistical  procedure  is  discussed.  A 
systematic  analysis  of  all  known  (y.xn)  isomeric  ratio-measurements  shows  a linear 
correlation  between  derived  spin  cut-off  parameters  and  the  mean  value  of  the  spins  of 
the  isomeric  pair. 


Table  1.  Experimental  and  theoretical  results 


Process 

Targetspin  (A) 

£,(keV) 

^1/2 

Spin  high  (A) 

Spin  low  (A) 

SCOP(A) 

'®“Mo(7.ii) 

0’ 

449.2 

760  ns 

11/2- 

5/2* 

0.11+0.02 

4.3  ±0.4 

137.7 

11/2- 

1/2- 

0.10  ±0.02 

4.3  ±0.4 

97.8 

1S.5  Its 

5/2- 

1/2- 

0.94+0.25 

1.8  ±0.3 

>«Ru(y.p) 

0* 

191.9 

636  )is 

9/2- 

1/2- 

1.33  ±0.30 

1.65  ±0.35 

306.6 

Rexp= 


Y high  spin 

Y low  spin 
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reaction 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

detector 

ANCLE 

TYPE  range 

TYPE  range 

G,N 

ABY 

8-68 

C 30-68 

ACT  -X 

4PI 

Analysis  is  made  of  reactions  interfering  with 
photon  activation  analysis  procedures. 


The  activation  yield  curves  have  been  presented  for  a number  of  photonuclear  reactions  in  the  ejiergy  range  from  30  to 
68  MeV,  in  order  to  evaluate  quantitatively  the  interferences  due  to  competing  reactions  in  multielement  photon  anivation 
analysis.  The  general  features  of  the  yields  as  functions  of  both  target  mass  number  and  excitation  energy  were  elucidated 
from  the  dau  obtained,  discussion  being  given  on  the  results  in  terms  of  the  reaction  mechanism. 

Simultaneous  neutron  activation  due  to  appreciable  neutron  production  from  the  converter  and  surrounding  materials 
has  also  been  studied,  and,  finally,  the  magnitudes  of  interferences  in  real  multielement  analysis  were  given  in  the  form 
of  their  energy  dependences. 


lo'  to' 

Nt 


Fig.  2.  Yield  per  equivalent  quanta  versus  target  neutron  num- 
ber. 


Fig.  7.  Activation  yield  curves  for  the  reactions  on  Y.  Zr,  Nb 
and  Mo. 


♦ «’Y('/.  n)«*Y.  e 
A ’^Nb(v,  nl^^Nb.A 
o ’^Moc/.p)''‘Nb,  a 
□ ’2Mo(>-,2n)’«Mo.'7 


'’®Zr(y,  n)*’Zr.  O '*®Zr(y.  pnl**  Y. 
’^Nbty,  an)**Y,  B '°®Mo(y.  n)’‘*Mo. 
’*Mo(y,  p)’*"'Nb.O  ’■*Mo(y,  pnj‘^^'"Nb, 
’^Moly,  OT)*’Zr. 
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(over) 
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Elastic  scattering  by  nuclei  in  the  range  of  mass  numbers  between  64  and  238  has  been 
studied  with  monochromatic  photons  in  the  energy  range  between  2 and  8 MeV.  These 
photons  were  provided  either  by  a Ti(n,  •/)  source  installed  in  the  tangential  throush 
channel  of  the  Grenoble  high  flux  reactor,  or  by  ^*Na  and  ^*Co  sources  produced  by 
deuteron  bombardment  of  A1  or  Fe  at  the  Gottingen  cyclotron.  The  photoexcitation  of 
23  nuclear  levels  has  been  observed  and  the  decay  properties  and  groundstate  widths  of 
the  majority  of  these  levels  have  been  determined.  For  the  lead  scattering  target  the  co- 
herent elastic  differential  cross  section  has  been  studied  in  detail.  There  is  evidence  that 
below  the  photo-neutron  threshold  the  elastic  scattering  via  virtual  photoexcitation  of 
the  nucleus  can  be  approximated  by  extrapolating  the  real  part  of  the  Giant  Dipole 
Resonance  amplitude  along  a Lorentzian  curve.  Coulomb  corrections  to  Delbriick  scat- 
tering seem  to  play  a small  role  at  6.5  MeV. 


6.418  MEV 


Table  4.  Properties  of  levels  observed  by  photoexcitation.  (d<r/df2)'''*':  experimental  differential  cross  section  per  iden- 
tified isotope  or  element  for  resonance  scattering  through  © = 90®.  /*:  spin-parity  of  exated  level;  W{&):  angular  cor- 
relation function;  g=<2/„-t- l)/(2/,-i- 1);  radiative  groundstate  transition  width.  F:  total  level  width.  Errors  in  the 
last  digits  are  given  in  parentheses 


Isotope 

(MeV) 

(daldQt"  ■ 
(pb/sr) 

r 

rjr 

woMF^-jr 

(meV) 

rf 

•0 

(meV) 

V 

(meV), 

23»U 

1754 

13  (4) 

(1) 

0.77 

0.145 

0.084 

-«u 

3.254 

421  (5) 

1- 

0.24 

0.83 

1.5 

0.52(15)* 

«’Bi 

6.555 

11  (4)- 10^ 

- 

- 

0.74 

0.74* 

- 

209Bi 

7.168 

1.7  (3)- 10’ 

9/2** 

1.00 

710 

786 

820  (40)* 

203-n 

6.418 

8.75(30)- 10’ 

1/2* 

0.28 

30 

102 

82  (15)* 

TI 

6.759 

7 (3) 

- 

- 

- 

- 

- 

Hg 

6.555 

68  (17) 

- 

- 

- 

- 

- 

t 

6.418 

5.2  (3)- 10’ 

1 — 

0.32 

1.75 

2.4 

- 

'«*w 

6.555 

9.8  (10)- 10’ 

(1) 

0.52 

3.44 

2.9 

- 

»*w 

6.759 

46  (10) 

(1) 

0.58 

0.17 

0.13 

- 

>»*Ta 

3.010 

174  (17) 

- 

0.72 

0.42 

0.59 

- 

*»>Ta 

6.418 

62  (4) 

- 

0.73 

0.2 

0.27' 

- 

'“‘Ta 

6.759 

4.8  (12) 

- 

- 

0.018 

0.018" 

- 

"”Ho 

6.418 

10.3  (30) 

- 

- 

0.035 

0.035" 

- 

'“Ho 

6.759 

5.6  (14) 

- 

- 

0.021 

0.021" 

- 

Nd 

1754 

2.6  (5) 

- 

- 

- 

- 

- 

Nd 

3.254 

14.0  (10) 

- 

- 

- 

- 

- 

Ce 

6.759 

13.4  (10) 

- 

- 

- 

- 

- 

‘^'Sb 

3.452 

2.20  (5)- 10’ 

- 

0.60 

2.9 

4.9" 

- 

‘“Mo 

6.418 

1.53  (4).  10* 

1-* 

0.88 

52 

26 

25  (8)* 

’■*Mo 

6.555 

4.4  (4).  10’ 

(1) 

0.33 

15 

21 

- 

Mo 

6.759 

6.2  (15) 

- 

- 

- 

- 

- 

Mo 

7.168 

8.2  (26)  10’ 

- 

- 

- 

- 

- 

’[II]  ” IV(0)g/^,T  = 1 assumed  ‘ IV(0)g=  I assumed 

* [28]  (a  small  correction  has  been  applied  to  the  data  of  [28]) 

* Upper  limits  in  case  not  all  the  transitions  to  lower  levels  were  observed 

' Present  work  ‘ Previous  work 
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Ruthenium,  the  last  of  the  platinum  metals  to  be 
discovered,  was  found  in  the  insoluble  residues 
arising  from  the  refining  of  the  extensive  alluvial 
deposits  of  native  platinum  found  in  the  Ural 
Mountain  region  of  Russia.  G.  W.  Osann  announced 
in  1828  that  he  found  three  new  elements  in  the 
residues;  he  called  them  pluran,  ruthen,  and  polin. 
His  work,  discredited  by  the  great  Berzelius,  later 
was  a stimulus  to  the  real  discovery  of  ruthenium  in 
1844  by  K.  K.  Klaus  from  the  University  of  Kazan. 
This  Russian  chemist  showed  that  Osann 's  ruthenium 
oxide  was  very  impure  but  did  contain  a small  amount 
of  a new  metal.  Klaus  adopted  the  name  ruthenium, 
a latinized  name  for  Russia,  partly  for  patriotic 
reasons  and  partly  in  recognition  of  the  earlier 
work  of  Osann. 
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TABLE  I 


Target  element 

Z 

Energy 

ao* 

^ \ /^O 

a-JtiQ 

Vanadium 

23 

32 

640  + 50 

0.11+0. 10 

-0.09-0. 1 1 

Chromium 

24 

22 

365  + 39 

0.02-0.  OS 

O.CO-0.  10 

Manganese 

25 

22 

450  i 33 

0.07  7-0.05 

-0.  1 1 -0.06 

Bromine 

35 

27 

874  i 54 

0.05  + 0.06 

-0.  15-0. 0.S 

Molybdenum 

42 

610^60 

0.09  + 0.05 

-0.35-0.06 

Ruthenium 

44 

27 

nOtO+25 

0. 12-^0.02 

-0.29-0.03 

Rhodium 

45 

27 

1270-T47 

0.06^0.03 

-0. 14x0.03 

Palladium 

46 

27 

1350r29 

0.26  + 0.02 

-0. 12-0.02 

Antimony 

51 

27 

2140  + 62 

0.04  7-0.08 

-0.25-0. 1 1 

Lanthanum 

57 

27 

1940  + 70 

0. 12-0. 10 

-0.52-0. 14 

Praseodymium 

59 

30 

1800+58 

0.20  + 0.08 

-0.40+0.09 

Platinum 

78 

27 

2600  + 52 

0. 17  + 0.02 

-0. 15-0.03 

Lead 

82 

22 

22747-59 

0.08x0.08 

-0.46-0.09 

•The  yield  per  mole  per  100  r wu  normalizedHO  a yield  of  2274  for  the  lead  sample  at  the  same  energy 
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Short-lived  isomers  in  the  nuclei  ”Mo,  and  *°*Ru  populated  in  *KeV,  Isomer  LFT 

photonudear  reactions  were  studied  by  pulsed  beam  techniques.  Energy  and  half-life  of 
the  y-rays  dee.xdting  the  isomeric  levels  were  measured  by  recording  energy-time  spectra. 

The  delayed  y-rays  and  K X-rays  were  detected  by  means  of  an  intrinsic  Ge-detector  of 
high  resolution.  From  the  measured  intensity  ratios  internal  conversion  coefEdents  were 
determined.  The  multipolarities  of  the  isomeric  transitions  could  be  deduced  in  most  cases. 

A classification  of  the  observed  isomers  has  been  tried  on  the  basis  of  the  obtained  experi- 
mental results  and  most  recent  literature  data. 


TaM«  1.  Experimental  resulti.  £:  energy.  baiflife,  relative  intensity,  L:  multipolarity,  H:  hindrance  factor 


Line 

E [keV] 

Tu*  D«] 

T,;j  D»s] 
(weighted 
average) 

«e 

Intensity 

ratios 

L 

a 

’•Nb 

KX-ravs 

1 

... 

123 

122.6  ±0.2 

63  ±2 

15 

0J6±0.22 

£2 

120 

K X-rays 

— 

1 

— 

90 

90.4  ±0.2 

5.9  ±0.2 

lOJ 

0.14±0,01 

£1 

L3  10’ 

t 

< 

o 

K X-rays 

* 

15.2  ±0.4 

15J  ±0.2 

1 

- 

— 

— 

98 

97.8  ±0.1 

15.6  ±0.2 

095 

1.45  ±0.27 

£2 

20 

138 

137.7  ±JBJ 

0.79  ±0.09 

0.76  ±0.06 

1 

•VI 

449 

449.2  ±0.2 

0.74  ±0.08 

0.97 

0.97+0.08 

(.W2) 

(37) 

**Tc 

K X-rays 

— 

14.8  ±0J 

14.6  ±0.4 

1 

- 

22 

21.8  ±0.2 

16.4  ±17 

from 

0.036 

£I  + l*;.W2 

10’ 

26 

— 

- 

X.43 

- 

5.1  ±0.3 

(£2) 

- 

43 

43.5  ±0J 

14.4  +0.5 

0.18 

Ml 

- 

K X-rays 

— 

8.2  ±0.7 

81  ±0.3 

1 

- 

- 

29 

28.7+0.3 

- 

from 

0.027 

£2 

1 

172 

172J±0.3 

8.2  ±0.3 

X.172 

12 

82  ±40 

(Ml,  £2) 

- 

'•'Tc 

K .X-rays 

— 

— 

1 

— 

- 

— 

192 

192.0  ±0.3 

636  ±8 

5.0 

0.26  ±0.06 

M2 

560 

‘•'Ru 

K X-rays 

— 

16.1  ±3.9 

17.5  ±0.4 

1 

— 

- 

ro 

220.7  ±0J 

17.4  +0.5 

from 

7J 

M2 

28 

306 

306.6  + 0.3 

17.7  ±0.6 

220.  306 

9.1 

U+0.1 

- 

- 
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Short-hved  isomers  in  the  nuclei  s’mo,  ^ loo.ioijg  populated  in 

photonuclear  reactions  were  studied  by  pulsed  beam  techniques.  Energy  and  half-life  of 
the  y-rays  deexciting  the  isomeric  levels  were  measured  by  recording  energy-time  spectra. 
T^e  delayed  y-rays  and  K X-rays  were  detected  by  means  of  an  intrinsic  Ge-deteaor  of 
high  resolution.  From  the  measured  intensity  ratios  internal  conversion  coefficients  were 
determined.  The  multipolarities  of  the  isomeric  transitions  could  be  deduced  in  most  cases. 
A classification  of  the  observed  isomers  has  been  tried  on  the  basis  of  the  obuined  experi- 
mental results  and  most  recent  literature  data. 


*KeV,  Isomer  LFT 


TibU  1.  Experimental  results.  £:  energy.  T,,,:  halflife,  /^;  relative  intensity,  L:  multipolarity,  H:  hindrance  factor 


Line 

E [keV] 

Cr] 

Tin  0*»] 
(weighted 
average) 

«r 

Intensity 

ratios 

L 

S 

’•Nb 

K X-ravi  — 

1 

— 

— 

123 

122.6  ±0.2 

63  ±2 

22 

0.56  ±022 

£2 

120 

K X-rays  — 

— 

1 

- 

- 

- 

90 

90.4  ±0J 

5.9  ±0.2 

102 

0.14  ±0.01 

£1 

12  10^ 

t 

< 

o 

K X-reys  - 

152  ±0.4 

15J  ±02 

1 

■ - 

- 

- 

98 

97.8  ±0.1 

15.6  ±0.2 

0l95 

1.45  ±0.27 

£2 

20 

138 

137.7  ±P2 

0.79  ±0.09 

0.76  ±0.06 

1 

fAJo/ftJS  * 

.VI 

- 

449 

449.2  ±0.2 

0.74  ±0.08 

0.97 

0.97  ±0.08 

(V2). 

(37) 

’•Tc 

K X-rays  — 

14.8  ±0J 

14.6  ±0.4 

1 

- 

- 

22 

21.8  ±0.2 

16.4  ±17 

from 

0.036 

£1  + it;.w2  10’ 

28 

- 

X.43 

- 

5.1  ±0.5 

(£2) 

- 

43 

43.5  ±0.2 

14.4  ±0.5 

0.18 

.Wl 

— 

='”Tc 

K X-rays  — 

8.2  ±0.7 

8.2  ±02 

1 

- 

- 

29 

28.7  ±0.3 

— 

from 

0.027 

£2 

1 

172 

172.3  ±0.3 

8.2  ±0J 

X.  172 

22 

82±40 

(AM.  £2) 

— 

="Tc 

K .X-rays  — 

- 

1 

- 

- 

- 

192 

192.0  ±0.3 

636  ±8 
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REF.  H.  Bartsch,  K.  Huber,  U.  Kneis^  and  H.  Krieger 
Z.  Physik  273  (1978) 


eUEM.  SYM. 


Ru 


102 


44 


METHOD 


REF.  NO, 

78  Ba  11 


hmg 

11/17/80 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

OETECTOR 

ANGLE 

TYPE  range 

TYPE  RANGE 

G.N6 

LFT 

221(220. 7)*307( 

306.6)  C 20,40 

SCD-0 

135 

Short-lived  isomers  in  the  nuclei  ”Mo,  ’s.ioo.ioi-j-g  ‘®‘Ru  populated  in 

photonudear  reactions  were  studied  by  pulsed  beam  techniques.  Energy  and  half-life  of 
the  y-rays  deexdting  the  isomeric  levels  were  measured  by  recording  energy-time  spectra. 
The  delayed  y-rays  and  K X-rays  were  detected  by  means  of  an  intrinsic  Ge-detector  of 
high  resolution.  From  the  measured  intensity  ratios  internal  conversion  coefficients  were 
determined.  The  multipolarities  of  the  isomeric  transitions  could  be  deduced  in  most  cases. 
A classification  of  the  observed  isomers  has  been  tried  on  the  basis  of  the  obtained  expjeri- 
mental  results  and  most  recent  literature  data. 


*KeV,  Isomer  LFT 


T*M*  I.  ExperimeaUl  resulti.  £:  energy.  T,,,:  haJHife,  relative  intensity.  L:  multipolarity.  H : hindrance  factor 


Lise 

£ [keV] 

T„,  CH*] 

Tui  Cl«] 
(weighted 
average) 

«e 

Intensity 

ratios 

L 

H 

"Nb 

K X-ravs  — 

1 

- 

- 

123 

12Z6±0.2 

63  ±2 

15 

0.56  ±0.22 

£2 

120 

*-Nb 

K X-ravs  - 
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1 

- 

- 

- 

90 

90.4  ±0.2 

5.9  ±0.2 

lOJ 

0.14  ±oni 

£1 

IJ 

t 

X 
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K X-ravs  — 

15.2  ±0.4 

15J  ±0.2 

1 

- 

- 

— 

98 

97.8  ±0.1 

15.6  ±0J 

0J5 

1.45  ±0.27 

£2 

20 

138 

137.7+0.2 

0.79  ±0.09 

0.76  ±0.06 

1 

Ljo/T  1)1  “ 

.Vfl 

- 

449 

449.2  ±0.2 

0.74  ±0.08 

0.97 

0.97  ±0.08 

(.M2) 

(37) 

K X-ravs  — 

14.8  ±0.5 

14.6  ±0.4 

1 

- 

- 

22 

21.8  ±0.2 

16.4  ±17 

from 

0.036 

£l  + l?i.M2 

10’ 

26 

— 

X.43 

- 

5.1  ±0.5 

(£2) 

• 

43 

43.5  +0.2 

14.4  +0.5 

0.18 

Ml 

■■’■’Tc 

K X-rays  — 

8.2  ±0.7 

8.2  ±0.3 

1. 

- 

- 

29 

28.7+0.3 

— 
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0.027 

£2 

L 

172 

172J+0.3 

8.2  ±0J 

X.172 

12 

82  ±40 

(Ml.  £2) 

X .X-rays  — 
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- 

- 

- 

192 

192.0  ±0.3 

636  ±8 

5.0 

0.26  ±0.06 

M2 

560 

‘•'Au 

X X-rays  — 

16.1  ±3.9 

17.5  ±0.4 
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— 

— 

220 

220.7  ±0.2 

17.4  +0.5 
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.M2 

28 
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ELEM.  SYM. 

Ru 

REF.  NO. 


102 


44 


78  Ba  14 


hg 


REACTION 

RESULT 

EXCITATION 

ENERCY 

SOURCE 

DETECTOR 

ANGLE 

TYPC  RANOK 

TVPC  RANOC 

G,P 

RLY 

9-65 

C 65 

SCD-D 

4PI 

Isomeric  cross  section  ratios  were  measured  for  the  photonuclear  reactions  ‘®°Mo(y,n)  ISOMER  YIELD,  DE-EX  G 
*°*Ru(7,p)  ‘®‘"’*Tc.  Using  the  Huizenga-Vandenbosch-method  spin  cut- 
off parameters  were  deduced.  The  applicability  of  this  statistical  procedure  is  discussed.  A 
systematic  analysis  of  all  known  (y,.xn)  isomeric  ratio-measurements  shows  a linear 
correlation  between  derived  spin  cut-off  parameters  and  the  mean  value  of  the  spins  of 
the  isomeric  pair. 


Table  1.  Experimental  and  theoretical  results 


Process 

Targetspin  (/i) 

£,(keV) 

Spin  high  (A) 

Spin  low  (A) 

SCOP(A) 

■®®Mo(7,n) 

0* 

449.2 

760  ns 

11/2- 

3/2* 

0.11+0.02 

4.3  ±0.4 

137.7 

11/2- 

1/2* 

a 10  ±0.02 

4.3  ±0.4 

‘"'Rul7.pl 

97.8 

13.5  ps 

5/2- 

1/2* 

0.94+0.23 

1.8  ±0.3 

0* 

191.9 

636  |is 

9/2* 

1/2- 

1.33  ±0.30 

1.63  ±0.33 

306.6 

Rexp= 


Y high  spin 

Y low  spin 
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Rhodium  was  discovered  in  1803-04  by  W.  H.  Wollaston 

(1766-1828)  while  working  in  London.  He  was  investigating 

methods  to  improve  the  technology  for  the  refining  and 

fabrication  of  platinum.  Some  7000  ounces  of  native 

platinum  from  South  America  had  been  dissolved  in  aqua 

regia  to  remove  the  platinum.  Wollaston  discovered  the 

new  element  when  he  decomposed  the  substance  precipitated 

by  the  addition  of  mercurous  cyanide.  He  choose  the  name 

rhodium  (from  the  Greek  rhodon,  rose)  in  recognition 

of  the  beautiful  color  of  the  chloro  salt  and  its  aqueous  Ph 
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Ref*  W.K.  Dawson 

Can.  J.  Phys.  li<-80  (1958) 


Elem.  Sym. 


Rh 


105 


^5 


Method 


Synchrotron;  proton  yield,  spectrum;  angular  distribution; 
nuclear  emulsion;  ion  chamber. 


Ref.  No. 

56  Da  2 


NVB 


Reaction 


E or  AE 


s 


ad  E 


J 


Notes 


Rh^°^(Y,xp 


TO 


Yield  = 2.6  x 10  protons(up  to  16 
MeV)/r-mole  ± 50^  for 
70  MeV  Bremss. 


Fig.  4.  The  calculated  enenty  distribution  i smooth  curs-e  marked  total)  contains  both 
esaporated  and  direct  protons  in  a I to  I ratio.  The  separate  distributions  are  also  shown. 
constant  nuclear  temperature  of  1.0  .Mev.  was  used  for  the  evaporated  proton  energy  distri- 
bution. 


Fli;  H Ihc  •im'ular  ilistribnlions  of  photnprotons  of  surions  cMcrv'ics  In.oi  rhi.lini 
MuiiUard  ilc\utioii>  arc  shuu'ii.  I he  smooth  curves  were  calculated  frtun  vi|uatuiM  Mil. 
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REACTION 
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ENERGY 

SOURCE 
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TYPE  range 
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RLY 

THR 
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See  58  Ka  1 for  cross  sections. 

TABLE  I 

Measured  thotoneutron  thresholds 


THRESHi^LD 


Reaction 


Measured  Other  Q values, 

Q value,  Mev.  Mev.  Method 


Rclerence 


Rh‘“(7.  »)Rh‘"  0.46±0.08 


9.35  d=0.20  Threshold 
0.45  ±0.30 

9.41  ±0.34 


Shcreto/.  (1051) 
Duckworth  (unpublished) 
Kochciidorfcr  .mci 

Farittar  (10S4) 
Duckworth  (unpublished) 
Kochendorfer  and 

Farmer  (1954) 
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MCTHOO 


L.  Katz,  G.B.  Chidley 

Nuclear  Reactions  at  Low  and  Medium  Energies  (Academy  of  Science, 
USSR:  1958)  371 


Betatron;  neutron  cross  section; 


BF, 


counters; 


ion  chamber  monitor 


Rh 


REF.  NO. 

58  Ka  1 


105 


NVB 


REACTION 

RESULT 

EXCITATION 

ENEROY 

SOURCE 

DETECTOR 

ANCLE 

TVPC  RANGC 

TYPC  MANQC 

G,XN 

ABX 

9-22 

C q-22 

BF3-I 

I4.pi 

TaSaiiaa  2 


nopctu  uenycKOHUH  ^omoHeUmpuHoe 


VSi 

11,16 

MnS5 

10,14 

Co5» 

10.44 

As** 

10.24 

Y»o 

11.82 

NbW 

3,86 

Rhi<» 

9,46 

jm 

9,14 

Cs“* 

9.11 

20.5 

Lwo 

19.2 

Priu 

18.6 

This* 

18.1 

Ho'«5 

20.7 

Tmifi# 

17.1 

Lu4« 

16.8 

Taisi 

16,2 

Au'*7 

16,5 

3i20» 

8.81 

16,1 

9,46 

17.6 

8,16 

14.8 

8.10 

14,6 

8,00 

14.7 

7.77 

14.2 

7,66 

13.8 

7,96 

13.3 

7.43 

14.5 

KaoToa 


Bn.  Mat 


Btn.  Mat 


HsoTon 


Bn.  Mat 


Btn.  Mat 


THRESHOLDS 

so  npHBOiWHU,  nocKoabKy  ohm  npcuumaiOT  22  M$a  bo  bcox  cjiynasr,  wpoMe 
BOBOTa,  naa  Koroporo  53.= 21  Aha.  CBoiicTua  ceaeHHii  «c(t)  cbcaohu. 


1 

HMToa  j 

Mat 

•«  (£j).  Baptt 

r.  Mat 

t“. 

Mtt‘6apH 

y<22). 

10*  fMflmpoH/lOO 

4 

ysi 

18,4 

0.062 

5,2 

0,33 

1.62 

Mn*» 

20,2 

0.060 

7,0 

0,39 

2.01 

Co*» 

18.3 

0.068 

6,3 

0.44 

2,30 

Aa» 

16,4 

0,090 

9.5 

0,74 

4.25 

Y8» 

17.1 

0,172 

5.2 

0.93 

,5,'33 

NbM 

18,0 

0.156 

7.5 

1.17 

6,80 

Rhio- 

17.5 

0,160 

9.4 

1,40 

8,28 

JIXT 

15.2 

0,273 

6.8 

1.76 

11.9 

Csl3* 

16,5 

0,238 

7.7 

1.59 

10,7 

Laus 

15,5 

0,325 

3.8 

1.55 

11.2 

Prui 

15,0 

0,320 

4.9 

1.93 

13.1 

Tb»® 

15,6 

0,274 

9.8 

2.49 

18.1 

Ho«» 

13,5 

0,305 

8.9 

2.52 

18,7 

Tm»«® 

16,4 

0,250 

8.4 

1,91 

14.9 

Lu>« 

16.0 

0,225 

8,4 

1,90 

23,0 

Tai« 

14,5 

0,380 

8.5 

3,15 

22,0 

Au»« 

13.8 

0,475 

4,7 

3.04 

22.6 

BiM* 

13,2 

0,455 

5,9 

2,89 

23.2 

a — Buxoji  ((oToaeATpouoa  oiui  Rh;  A — 
M tff(i)  Ann  Rh 
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Yield  = 0.3x10  alpha/mole/roentgen 
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REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,G/ 

A£X 

1.3 

D 1.3 

ACT- 1 

4PI 

Source  was  10  kc  ®°Co, 

Activation  cross  section  3 x 10  ®^cm^  . 
Activation  of  57m  4G  keV  state. 
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Method 


50-MeV  synchrotron;  activation 


60  Bo  2 


JHH 


Reaction 


E or  AE 


<7d  E 


J 


Notes 


105n 


Rh 


5.9-25.5 

Bremss. 


9.5 

~ 20 


In  Table  II,  below,  is  com- 
pared with  ^ = (y,  n)-f-  \,y,2n)  as 

measured  by  Parsons  [Can.  J,  Phys. 

21,  15^  (1959)]. 


Table  II 


£.  Mev 

« (y,  y'),  ab 

1 

, 

• (T. 

. 

E.  Mev 

« (t.  y'),  mb 

®n.  mb 

« (Y.  Y-),'«„ 

5 

l.S 

12 

0.6 

62.1 

0.01 

7 

.S.3 

— 

— 

14 

1.2 

1.55.2 

~0.01 

'1.3 

21.2 

— 

— 

16 

2.7 

193.1 

— O.Ul 

a)  * %J%i 

21.1 

10.3 

2.04 

18 

G.l 

1611.0 

0.04 

14.8 

17.2 

0.86 

19 

0.2 

136.2 

0.07 

u.-z 

4.4 

25.2 

0.18 

20 

10.3 

111.0 

0.09 

10 

2.C 

27.6 

0.09 

21 

8.7 

S7.9 

0.10 

11 

1 .0 

37.2 

0.03 

22 

4.4 

71.7 

O.CG 

C.  tnb 


FIG.  1.  Yield  of  the  reaction  Rh“**(y,  y')  Rh'®*"*  at  various 

maximum  x-ray  energies  Enu,,.  Ordinates  — saturated  activity  FIG-  -•  Cross  section  of  the  reaction  Rh‘°*(y,y')  Rh‘® 
per  second  per  mole  per  ampere  of  ionization  current  of  the  Iv^o  versions  of  the  calculation  are  given;  other  versions 
absolute  chamber.  The  dashed  curve  is  the  yield  curve  calcu-  yield  intermediate  values, 
lated  under  the  assumption  that  the  reaction  cross  section  is 
zero  at  energies  above  12.S  Mev. 
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Tabu  L Summary  and  comparison  of  neutron  sep^tion  energies  inferred  from  present  threshold  measurements  with  values  predicted 
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Angular  distribution  of  photoprotons 
fitted  to 

a ± bsin^9(l  + pcos9)^  where 
a,b  and  p are  given  in  the  article. 


Quadrapole  absorption  is  estimated 
to  be  about  20^. 


FIG.  1.  En«f(]r  dUtributieo  of  1287  photopralona  (ram 
lor  ■ 22.5  MeV.  Calculated  spectra:  curve  I for  ev: 

reted  ptotoas;  curve  2 foe  ptotoae  from  the  direct  phetoeff 


FIG.  2.  Energy  distribution  of  5222  photoprotoae  fiom  Rb‘“ 
^ymas  “ ^3.5  MeV.  Same  notation  as  in  Fig.  1. 


FIG.  6.  Angular  distribuUooa  of  photoprotona  from  Rh‘“  for 
^yaaa  “ "“^p  " 3.25-9.2S  MeV;  x-E^>9.25  MeV. 


FIG.  6.  Angular  distributions  of  photoprotons  from  Rh“*  for 
^yma*  “ •-Ep  ■ 3.25-9.2S  MeV;  x-Ep>  9.2S  MeV. 
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97 

0 

0 

0 

>9.25 

28 

19 

0.2 

Rh 

33.5 
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82 
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15.5 

13 
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>10.25 

6.5 

8 

2.2 
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Table  0.  Measured  yields  Y of  photoprotons  from  Rh.  Pt.  and  Pb. 
and  esUmates  based  on  the  evaporation  model  and  on  the 
direct  photoeffect 
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Fig.  4.  Cross  section  for  the  reaction  Rh*"(y,  2p)Tc*“. 


Fig.  5.  Experimental  results  for  the  ratio  of  electron/photon  yields  in  Rh‘"“  and  the  theoretical 
predictions  under  the  assumptions  that  the  cross  section  is  made  up  entirely  of  either  El,  .Ml  or 
E2  transitions  (solid  curves).  The  dashed  curve  lying  near  the  El  curve  was  computed  under  the 
assumption  that  the  first  peak  in  the  cross  section  curve  is  El  while  the  second  peak  is  E2  The 
dashed  curve  lying  near  the  E2  curve  was  computed  under  the  assumption  that  the  first  peak  is  E2 

and  the  second  is  £1. 
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Photoneutron  cross  sections  (mb) 


Fig.  i.  Cross  section  (in  mb)  versus  mass  number  of  the  target  for  gamma-ray  energies  of  9.00, 
9.72  and  10.83  MeV.  The  solid  lines  are  plots  of  eq.  (I)  in  the  te^t. 
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Cross  sections  per  equivalent  quantum  for  (y,  n)  reactions  as  a function  of  the  maximum 
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In  addition  to  the  reactions  mentioned  above,  we  measured  in  the  energy  range 
2-5.5  GeV,  the  following  reactions:  ”Mn(y,  n),  “Mn(y,  3n),  ‘°^Rh(y,  2n)  and 
3n).  The  resulting  cross  sections  per  equivalent  quantum  are  43  mb,  0.55  mb, 
21  mb  and  9.5  mb,  respectively.  Within  the  experimental  error  of  20  %,  we  found  no 
variation  of  these  cross  sections  with  the  maximum  bremsstrahlung  energy. 
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Fig.  7.  - Behaviour  of  cross  sec- 
tions per  equivalent  quantum  cq  . 
as  a function  of  log#  Eo  (maxi- 
mum bremsstrahlung  energy)  for 
reactions  ‘'“Rh  (r,  n)  ‘“Rh  (t>:2,9 
y),  ‘“Rh  (r.  2n)  ‘®‘FRh  and  ‘“Rh 
(r,  6p  9n)  “Y.  The  straight  lines 
through  the  experimental  points 
were  obtained  by  using  .the  least- 
-squares  method 
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MeV(*);rcf.  1 1 -E-y  ,„ax  = 22-32  MeV.  E„  > --5  MeV(*»:  ref.  12- 
Ey  ma,x  = 54  MeV.  E„  > -8  .McV  ( ref.  13-  Ey  max  = 55  MeV, 
En>~5  MeV  (X>;  present  work-Ey  ma.-:  = 28.5  MeV.En>  5 MeV. 

(•  ).  The  smooth  curve  shows  the  coefiicieiit  b'a  characterizing  the 
photoneutron  angular  distribution  anisotropy  a.s  a function  of  atomic 
number  Z.  (This  has  been  converted  from  the  curve  given  in  ref.  1 1 and 
and  is  for  the  distnbutioii  KiJt-a  + b sin^i)  + ccos  normalized  at  the 
points  Z^=  82-83.) 
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FIG.  I.  Angular  distributions  of  piiotonauiions  obui.ncJ  u irradia- 
tion of  Rh.  Ta.  ,Au,  and  D;  samples  by  brems>tralilung  with  niaximum 
energy  Ey  m:.';  ” 25.5  MeV.  Ta-e  curves  were  caicidatcd  from  the  ex- 
perimental points  by  the  met,-,  .d  of  least  .squares  for  a distribution  of 
the  form  1(d)  = a Tb  sin’d  *-c  cos  d and  normalized  (a  = I).  For  com- 
parison we  have  shown  below  the  a.ngul.ir  distributions  of  pliotoneu- 
trons  with  energy  E^  > 8 MeV  obtained  in  irradiation  of  the  same 
samples  by  bremsstraHung  with  Ey  max  = 20  .MeV. 
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FIG.  3.  Photoneutron  energy  speetrj  frorn  Kit.  Tj.  .Alt.  ar.J  Bi  tor  ii- 
rudialion  of  the  samples  hy  bremsstraitliing  with  r.UAinnm’  energy 
^ max  ~ -0  (dashed  line)  and  38.5  (solid  line)  MeV  for  aneles  0 with 
maximum  neutron  yield.  For  eaeh  iiueleus  the  l-.:>toer;ims  eisen  for 
^ max  ~ 30  and  38. S MeV  have  I'een  eombined  in  the  r.'terv.d  hn  = 


4 4.5  MeV. 
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Fig.  13.  Experimental  results  of  the  average  energy  £o  of  the  GDR  versus  the  mass  number  A with 
the  best  fit  ^ 41.8  Xwo  fits  with  A~i  and  A~t  laws  are  also  shown  as  lines 

D2  and  D]  respectively. 


Table  7 

Lorentz  line  parameters  for  a two-Lorenu-line  fit  of  the  GDR  of  rhodium 


<Ti  (mb)  £i  (MeV) 

A (MeV) 

Gj  (mb) 

£z  (MeV) 

A (MeV) 

88  15 

4.94i0.1 

126 

17.05 

6.90=0.1 

Errors  are  the  same  as  in  table  4. 

Table  6 

Lorentz  line  parameters  for  a single  Lorentz  line  fit 


4«Pd 

47Ag 

«sCd 

“|In 

Go  (mb) 

191 

199 

198 

226 

243 

A (MeV) 

7.4±0.1 

7.1  ±0.1 

7.7±0.1 

6.3  ±0.1 

6.1  ±0.1 

A (MeV) 

16.15 

15.9 

16.1 

15.8 

15.8 

(over) 
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Errors  are  the  same  as  in  fable  4. 
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Fig.  7.  Partial  photoneutroa  cross  sections  [afy,  n)+<x(y,  np)]  and  a(y,  2n)  for  4sRh,  ««Pd,  4TAg, 

4(Cd  and  4gln. 


E (M»V) 


Fig.  8.  Best  single  Lorentz  line  fit  to  <Tt,,(p,  tot)  ^ <7(>»,  ni+ffCy,  np)+ff(y,  2n)  for  4sl^hf  4«Pd, 

47Agt  4tCd  and  49ln. 
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REACTION 
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EXCITATION 
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SOURCE 

DETECTOR 
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R.R 

1 FT 

n,9 
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SCD-D 

(.803,1 .277) 

■803.  1 .277  MEV 

Abstract.  Lifetimes  of  49  excited  states  below  1.65  MeV  have  been  measured  in  ‘*Mg.  ^’a1. 

‘•Tu  "Ni.  '*Co.  “ “Ni,  “ ‘"Cu.  “ •‘•“Zn.  ”as,  “”Rh.  “'  "’in.  ‘“•‘"•‘"Sn  and  “‘•‘"Sb 
by  means  of  nuclear  resonance  fluorescence  experiments.  The  levels  are  excited  by 
bremsstrahlung  x-ray  photons.  The  self-absorption  technique  applied  to  suitable  cases 
provides  nuclear  absorption  cross  sections,  widths  and  lifetimes  from  which  the  x-ray 
spectral  distributions  are  also  obtained.  Scattering  experiments  are  performed  for  all  other 
cases  in  order  to  obtain  widths  and  lifetimes  from  these  x-ray  photon  curves.  The  Compton 
eflea  in  the  sample  is  taken  into  accounL  Self-absorption  provides  gfo  from  which  f is 
deduced  using  adopted  J’  and  To/r  values;  scattering  provides  u=g<ro/r)II'(<#)  from 
which  r is  also  deduced  with  J,  To/T  and  mixing  ratios  taken  from  the  literature.  Thanks  to 
simultaneous  determination  of  the  x ray  spectra  all  the  lifetimes  as  given  by  our  programs 
with  their  statistical  errors  form  an  unusually  coherent  set  of  values. 


NUCLEAR  REACTIONS  (/.  /).  bremsstrahlung  excitation;  natural  isotopes;  "'Mg. 
”aI.  ■“Ti.  "Ni.  ”Co.  “-“Ni.  ‘’  “Cu.  ‘‘•“•“Zn,  ”As.  ‘"Rh.  '""’in.  '“•“‘•"'’Sn 
and  "''"’Sb;  0.5-1.65  MeV;  measured  gCo  or  gifo/nn^ff):  deduced  Ti/j. 
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TaMcaii  3.  Resultau  des  mesures  des  niveaux  etudies  par  difTusion. 
Tabte  1 Results  obtained  using  the  diffusion  method. 


u=^rlirWiO)  r(ps) 

Isotope  Energie  (keV)  7* *  7,*  To/F  5 (meV)  ce  travail  r-if(ps)  References  t 


^*Mg 

1368,59(4) 

2* 

0* 

1 

E2 

"Al 

1014.45(3) 

j- 

i* 

0.971 

+ 0.351(12) 

“Ti 

983.512(3) 

2’ 

0' 

1 

E2 

’•Ni 

1454.45(15) 

2 • 

0* 

1 

E2 

”Co 

1099,224(25) 

]- 

1 

(E2) 

”Co 

1458.8(3) 

V- 

1- 

0,91 

(E2) 

”Co 

1480.9(3) 

i- 

0.8 

<0.35* 

“Ni 

1 185.7(6) 

j- 

i- 

0.77(8)‘ 

I0.I4I 

“Ni 

1172,91(9) 

2* 

0* 

1 

E2 

•*Cu 

1327.00(7) 

7- 

1 

J- 

0.84 

(E2) 

“Cu 

1412.05(4) 

i- 

0.72 

+ o.6i(:Ji 

“Zn 

991.54(7) 

2 * 

0* 

1 

E2 

«Cu 

1481,83(5) 

7- 

2 

i- 

0,85 

(E2) 

**Zn 

1039,37(6) 

2* 

0* 

1 

E2 

“Zn 

1077,38(5) 

2” 

0* 

1 

E2 

”As 

572.5(10) 

J- 

1- 

I” 

0.39“ 

«As 

823,0(10) 

1- 

1- 

0,86" 

(E2) 

”As 

865,5(10) 

J- 

0,83“ 

C 

”As 

1076,0(10) 

r 

j" 

0,94“ 

0,38“ 

”Ai 

1128,5(10) 

r 

i- 

1 

El“ 

1,08(13) 

1,76(21) 

1,98(4) 

Endt  et  van  der  Leun 
(1978) 

0,186(13) 

2,20(16) 

2.12(8) 

Endt  et  van  der  Leun 
(1978) 

0.282(23) 

6,74(55) 

6.1(13) 

Been  1 1978) 

2.11(26) 

0.90(11) 

0.92(3) 

Kocher  et  Auble 
(1976) 

0.069(8) 

4.79(55) 

3,17(58) 

Kim  (1976) 

0.68(8) 

1.17(14) 

1.52(16) 

Kim  (1976) 

1.23(15) 

0.254(31) 

0.31(3) 

Kim  (1976) 

1,88(49) 

0.21(5) 

0.16(3) 

Andreev  e/ a/ (1974) 

0.88(  1 7) 

2.15(42) 

2.09(3) 

Halbert  (1979a) 

1,04(14) 

0.84(11) 

0,88(4) 

Aublc(  1979b) 

0,260(38) 

1.90(28) 

1,61(3) 

Auble  (1979b) 

0,640(54) 

2.97(25) 

2.60(13) 

Halbert  (1979b» 

1.13(19) 

0.79(13) 

0,49(5) 

Auble  (1975a) 

0,70(6) 

2.71(23) 

2,25(15) 

Auble  (1975b) 

0.70(6) 

2.71(23) 

2.34(23) 

Lewis  (1975) 

0.236(26) 

4.14(46) 

3.5(9) 

Hurcii  et  Lewis  ( 1975) 

0.214(22) 

4.27(43) 

3.5(3) 

Robinson  era/ (1967) 

0,78(6) 

0,863(68) 

0.60(12) 

Celliers  « a/ (1977) 

1.97(13) 

0,287(19) 

0.32(7) 

Celliers  « a/ (1977) 

0,224(24) 

1,47(16) 

— 

1349.0(10) 

i- 

i- 

0.67“ 

0.20“ 

1.61(29) 

0.180(32) 

0.12(3) 

Wilson  (1970) 

’’As 

1370.0(10) 

i- 

i- 

0.47“ 

0.47“ 

0.64(13) 

0,218(44) 

— 

"”Rh 

803.1(2) 

i- 

i- 

0,70 

Ml 

1.85(16) 

0.174(15) 

— 

Harmatz  ( 1979) 

"”Rh 

1277.0(2) 

i- 

i- 

0.75 

-0.62(30)* 

0.81(9) 

0.87(10) 

1.3(9) 

Harmatz  ( 1979) 

"’In 

1177(1) 

y* 

?• 

1 

+ 0.5(2) 

9.1(8) 

0.086(8) 

0.10(6) 

Tuttle  era/ (1976) 

"’In 

1510(1) 

7 » 
7 

?* 

0.935 

-o.5}:l{ 

6.4(9) 

0,071(10) 

o,iil:l! 

Tuttle  et  al  ( 1976) 

"’In 

1077.7(10) 

1' 

!* 

0.8  H 

(E2) 

0.159(24) 

1.61(24) 

1.23(7) 

Tuttle  era/ (1976) 

"’In 

1290.59(3) 

V 

f* 

0.98' 

(E2) 

1.31(11) 

0.66(6) 

0.55(4) 

Tuttle  et  a/(l976) 

"’In 

1448.78(3) 

r 

r 

0.86 

-8’ 

0,90(11) 

0.50(6) 

0.52(20) 

Tuttle  el  al  (1976) 

"’In 

1486.1(1) 

!' 

V 

0,787 

-0.8^ 

0.63(9) 

0,63(9) 

0,4(3) 

Tuttle  era/ (1976) 

"’In 

1497.2(4) 

(J-) 

!• 

< 1 

(E2) 

1,33(16) 

<0.30(4) 

— 

"’In 

1607.8(15) 

(5-) 

i* 

$ ! 

(E2) 

1.54(24) 

^0.26(4) 

— 

"‘Sn 

1293.54(2) 

2* 

0* 

1 

E2 

3.58(37) 

0.53(6) 

0.522(14) 

Carlson  er  a/(  1975) 

"*Sn 

1229.64(4) 

2* 

0* 

1 

E2 

2.75(28) 

0.69(7) 

0.67(2) 

Carlson  el  al  (1976) 

"“Sn 

1171.6(2) 

2* 

0* 

1 

E2 

1,83(16) 

1.04(9) 

0,91(2) 

Kocher  (1976) 

"'Sb 

1023.5(10) 

1- 

5* 

1 

|0.57|* 

3.69(34) 

0.228(21) 

0.20(7)’’ 

Taniura  er  al  ( 1979) 

"'Sb 

1105.5(10) 

V 

0.4 

— 

0.47(4) 

0.42(4) 

— 

"'Sb 

1 142.5(10) 

!* 

0.6 

(E2) 

0.85(8) 

0.449(40) 

0.41(8)'’ 

Boc'ther  a/ (1973) 

"‘Sb 

1384.0(10) 

i* 

1 

|0.45|‘ 

4.7(5) 

0.092(10) 

0.088(14)“ 

Booth  er  u/(1973) 

'"Sb 

1029.5(10) 

!' 

7 • 
1 

1 

10,571* 

2.96(27) 

0.272(25) 

0.26(4)“ 

Booth  er  al  ( 1973) 

‘"Sb 

1086.5(10) 

!* 

7 • 
7 

1 

|(il|>  1.26* 

1.06(9) 

0,67(6) 

0.72(15)“ 

Booth  et  all  1973) 

+ References  pour  les  colonnes  3.  4,  5,  6 et  9 de  chaque  ligne.  sauf  indication  appelee  au  has  de  ce  tableau.  Pour  les  autres  donnees  se  reporter  au 
texte. 

Remarque.  Pour  calculer  quand  nous  ne  disposons  que  de  5{F,2),  pour  un  melange  (E2)-t-(MI),  nous  deduisons  i,’ro(E2)cr  5(E2)£’, ; en 
admeltant  U'(ti)=l  et  connaissant  To/P,  notre  determination  de  u donne  une  premiere  approximation  de  al'a  J’oii  une  vaieur  de 
ii‘  -(;;ru(E2))/(i'ro  -gro(E2))  qui  permet  d'ameliorcr  et  ^'Pq  de  proche  en  prochc. 

* Swann  (1971);'’  Robinson  ei  al  ( 1967); ' W'(</)  = 0.99  calcule  d’apres  la  t'ormule  de  Celliers  et  al  ( 1977);  ■*  Abhondanno  et  a!  ( 1978): ' Saver  et  al 
( 1972);  ^Tuttle  et  al  ( 1976);  * d’apres  fl(E2)  de  Barnes  et  al  ( 1966);  " calcule  d'apres  Booth  el  a!  ( 1973); ' Williams  et  a!  ( 1975);  ‘ Oietricli  et  a! 
( 1970). 
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PALL5DIU1 

Z=P6 


ru, 


William  Wollaston  first  isolated  palladium  from  crude 
platinum;  in  1803  he  announced  the  discovery  by  circulating 
an  anonyomous  advertisement  of  the  new  metal  for  sale. 
Because  of  this  unorthodox  announcement,  it  was  widely 
thought  that  the  new  metal  was  not  an  element  but  an 
alloy  of  platinum  and  mercury.  A year  later,  however, 
Wollaston  explained  his  source  of  the  palladium  along 
with  an  announcement  of  his  discovery  of  yet  another  new 
element,  rhodium. 
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TYPE  RANGE 

G^T 

RLY 

THR-49 

C 36.49 

ACT- 1 

4PI 

Tabelle.  Zusammensiellung  der  Mefiergebnisse 


£.,-36  J .MeV 

E„-49i  MeV 

T[Ni(y,/)]/y[C(y.n)C‘M 

(2,2+ 0.2)  10“3 

(4,6 +0,4)  10"3 

y[Pd(y./)]/y[C(y.n)C'il 

— 

(6.1  ± 1,0)  10-3 

o',[Ni(y,/)l 

(4,0+  0,4)  nbam 

(10,5+1,0)  ubam 

<F,[Pd(y.r)] 

— 

(13,8  + 2,3)  ubam 
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reaction 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  RANGE 

G,N 

NOX 

THR-27 

C 27 

THR  5- 

DST 

W(e)  = + aj_P^  + a^P^ 


TABLE  I 


Target  element 

Z 

Energy 

<Jo* 

ajaa 

Vanadium 

23 

32 

640±50 

O.llrO.lO 

-0.09-0.11 

Chromium 

24 

365  ±39 

0.02-0.08 

0.00-0.  10 

Manganese 

25 

•n-s 

450  ±33 

0.073:0.05 

-0.11-0.06 

Bromine 

35 

27 

874^54 

0.05  = 0.06 

-0. 15  = 0.08 

Molybdenum 

42 

22 

6I0r60 

0.09  = 0.05 

-0.35-0.06 

Ruthenium 

44 

27 

n00±25 

0.12±0.02 

-0.29-0.03 

Rhodium 

45 

27 

1270  ±47 

0.06-0.03 

-0.14-0.03 

Palladium 

46 

27 

1350  ±29 

0.26  = 0.02 

-0.  ;:-0.02 

Antimony 

51 

27 

2140  ±62 

0.04±0.08 

-0.25-0.11 

Lanthanum 

57 

27 

1940  ±70 

0. 12  = 0. 10 

-0.52-0.  14 

Praseodymium 

59 

30 

1800±58 

0.20  ±0.08 

-0.40*0.09 

Platinum 

78 

27 

2600  ±52 

0.17±0.02 

-0. 15  = 0.03 

Lead 

32 

22 

22743:59 

0.08±0.08 

-0.46  = 0.09 

*The  yield  per  mole  per  100  r was  normalized  to  a yield  of  2274  for  the  lead  sample  at  the  same  energy. 
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Fig.  13.  Experimental  results  of  the  average  energy  £o  of  CDR  versus  the  mass  number  A with 
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FIG.  1.  Inelaatlc  electroa  scatteriog  form  factors 
for  the  2^*  and  unresolved  Oj*,  2^*,  and  levels  In 
’®*Pd  at  an  incident  energy  of  250  MeV.  The  triplet 
form  factors  are  compared  with  the  sum  of  the  0;'^ 
sad  -4j*  form  factor  (dotted  line)  anri  22*  form  factor 
(dashed  line). 


TABLE  IL  Values  of  the  radiative  transition  rates  for  the  crossover  and  cascade  transi- 
tions from  the  2;*  state. 


Present 

lOSpd 

Experimental 

Present 

“<Cd 

Experimental 

B(F2,2,*— 2,*) 
B(£2, 2,^-0*) 

0.96±0.13* 

1 ee-i-O.Og 
4-3O.0.I3 

0,75*0.20** 

fl(£2,2/- 
B(£2,2,*  — 

olo 

(o.32:5:?|)xio‘- 

(2,5i;g;j5)xio*2* 

n 7s>t»W 

(1.6  *0.3)  X 10"  2** 

•Ref.  2. 

’’Ref.  6. 

(over) 

FORM  N3S-418 

(REV.  7-I4.S4I 
USCOMM.NBS.OC 


PHOTONUCLEAR  DATA  SHEET  644 


U.S.  OEPARTMENTOF  COMMERCE 
NATIONAL  SUREAUOF  STANOAROS 


TABLE  I.  Values  of  c,  t,  0,  and  a (the  parameters  of  p„),  B(£2)  in  single-particle  units,  and  the  2,*  state 
static  quadrupole  moment. 


Present  Coulomb  excitation 


c 

t 

4 

a 

B(E2) 

B,p(E2) 

(b) 

B(E2) 

fl,p(£2) 

Q2 

(b) 

w«Pd  0.97Co  • 

l.OSf,*’ 

0.23 

0.23 

50*5 

-0.51*0.07 

48*3® 

42  *3** 

-0.458*0.059  '* 

‘”Cd  0.95c, « 

0.18 

0.19 

29*3 

-0.36*0.07 

31*28 

-0.32  *0.03  8 

34** 

-0.38** 

*Co=5.14  fm. 

=Ref.  2. 

*c,*5.43  fm. 

8Ref.  3, 

^t,  = 2.59  fm. 

'*Ref.  5. 

^f,  = 2.50  fm. 

**Ref.  4. 

Robinson  et  al.  , Nncl.  Fhys.  A12». 

553  (1969). 

3 

S.6.  Steadman  et  al. , Nucl.  Fhys.  A155. 

1 (1970). 

^A,M.  Klelnfeld  et  al.  , Nucl.  Fhys.  A158. 

81  (1970). 

^R.  Beyer  et  al. , Fhys.  Rev.  C2,  1469  (’70). 
Vt.  Milner  et  al.  , Nucl.  Fhys. Al 29.  687  (’69). 


645 


■f.  ^ 

iMtf.  t4%i 


' •«  I i v<i  n - ' j ^ 


>:,t  :,r 


,11.IIL  WKWii 


'•kJAi*  *f* 


••  t-r'KiKO' ' io«S  •'<"  » k***  A - ‘ I V’  **«^y  .,' 


,«i.i  MT-I*"* 


4 — r'5;*^/ A" 

f~‘ — •trii|:’*"'*'  I ' *>”'9*'^“  'B.r'  Kl-" 

•«*  :t  f<-.*  **.9 


l,.O.Oi  Jit.o,- 


4# 


r 


i 


WiLi"n«etWi»'^ai 

,r-  ' 


lltw  II  - ■'<■“  ■ , , , , 

'■"\T;Wa"  ' U'VSA'-vj'U' 


V 

t. 


' '!.;•’ liyMv 


/ 


•'»  O0%ni^al 

^ 4C6<^I)  lU 

• -I*  - 

,,.  J i8 

• t 

«8*i  5:» 

4?8’)  '^8  ^ 


iiii*  M 


/'lO  , 1.  ImIbmC^  r«i*v' 

''tUP.'»Nht  .«a«V 


Mill-  «,v«  n,* « 

■'"i-V  « ^ MWViWt*'.  S'"’*™  ‘ 

■ *itn.  ■'k,-.;.'  » » 1,V*1  «»t  -mrf^  «iM*H 

«...  i <,•'  *n'  <■:•  8lw*  ^ 

fit'  i. ^ 


■,v,  ■ i>. 


TAiUt'ff  Wfiiwft- 

mMA  lipMi  ‘'■' 


‘ 1 -fl 


’i.r' 


i-i 


2^ 


A=103 


Pd 

A=108 


I 

I 


647 


4=  I Oc 


1 


1 

t 


643 


REF. 


T.  K.  Deague,  E.  G.  Muirhead,  B.  M,  Spicer 
Contributions  Montreal  Conference  350  (1969) 


ELEM.  SYM. 


Pd 


108 


4c 


METHOD 


REF.  NO. 


69  De  2 


egf 


REACTION 

RESULT 

EXCITATION 

ENERGY 

SOURCE 

detector 

ANGLE 

TYPE  range 

TYPE  RANGE 

G,XN 

ABX 

9-25 

c 9-25 

BF3-I 

4PI 

G,P 

ABX 

9-25 

C 9-25 

ACT- 1 

4PI 

, • : i;:  -plittiie  of  the  giant  dipole  resonance 

T.  !■ . \ n.  n.  r:piceri  School  of  Physics,  University  of  Melbourne, 

PorKvillo,  'PS2,  Aiir;tralia 

The  ‘“’'PI  phoronourmn  production  cross  section,  and  the  '®®W(v,p)‘®^Rh  cross  section  have 
been  measured  bv  direct  neutron  det^'-inn,  and  by  counting  the  305  keV  r-ray  in  tne  residual 
'“’Rh,  respectively.  Roth  cro-  -'ctionr  we.re  unfolded  from  yield  -ur'/cs  by  the  method  of 
Penfold  and  Leiss.  d-.t-re-- ! jp,  /iin  -ad"  to  the  neutron  production  cross  section  for  the  double 
weighting  of  the  t-,  ,;n)  re<.ii_ r ion . The  tuo  cross  sections  are  shown  in  the  figure. 

The  low  energy  spectrum  of  ''"'F'd  it.  a good  approxiiration  to  tlat  of  a sp.ner'.  .■  il  vibrator, 
the  vibrations  having  comparatively  large  amplitude.  Hence  ‘“’'Pd  is  a good  test  for  the  dyn- 
amic collective  model  of  the  giant  resonance  (Riber,  Danes,  Weber  and  Greiner,  Phys.Rev.  155 
(1967)  1073),  in  which  quadrupole  surface  vibrations  are  coupled  to  the  giant  dipole  vibration. 

A fit  to  the  predicted  dipole  spectrum,  using  Lorentz  line  shapes,  is  shown  in  the  figure. 

! Reasonable  agreement  is  evident,  although  the  theoretical  peak  at  16.75  MeV  is  not  matched  in 
the  experiment.  The  additional  strength  at  lower  energies  is  attributed  tentatively  to  single 
particle  effects. 

fillieros,  Goulard  and  Venter  (Phys.Lett.  ^ (1965)  398)  have  suggested  that  the  giant 
dipole  resonance  should  be  split  into  two  components  with  isospins  Tq  (=  b'-7/2)  arri  Tq  ♦ 1. 

In  a sufficiently  heavy  nucleus,  these  components  are  represented  by  the  (r,n)  and  (v,p)  cross 
sections  respectively.  Accepting’ this  break-jp,  the  separation  of  the  T-components  in 
is  V 6 MeV.  The  ratio  of  the  strengths  in  the  two  components  is  0.0235;  this  is  to  be  com- 
pared with  Macfarlane's  estimate  of  this  ratio  (in  "Isobaric  Spin  in  Riciear  Physic.'^^^",  eds. 

J.  D.  Fox  and  D.  Robson,  Acadanic  Press,  1966)  of  D/Tq  where  the  dvnamicai  factor,  Z,  is  less 
than  unity. 
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Fig.  2.  (a)  The  (y,  p)  cross  section  in  ‘**Pd,  obtained  using  an  analysis  bin  width  of  1.5  MeV.  (b)  The 
0'>n)-i-(}'tnp)+(x,2n)  cross  section  in  *‘*Pd,  obtained  using  an  analysis  bin  width  of  0.5  MeV. 


Fig.  3.  The  (y,  a)+(y,  p)+(y,  np)+(y,  2n)  cross  section  is  ***Pd,  obtained  using  an  analysis  bin 
"form  nbs>4  MeV,  compared  with  a fit  of  Lorentz  line  shapes  with  widths  1.0  MeV,  to  the  ‘®*Pd 

(REV.  7.1 «.«  dipole  spectrum  predicted  by  Huber  *). 
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M.  G,  Huber,  private  communication  (1967> 
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Ground  State  Isospin  Cf^) 

Fig.  7.  The  ratio,  for  five  nuclei,  of  the  “bremsstrahlung  weighted”  cross  sections  for  proton  and 
neutron  production,  respectively  (circles  with  error  bars),  as  a function  of  the  ground  state  isospin, 
r«.  Crossis  represent  theoretical  estimates  of  the  relative  strengths  of  the  To +1  and  To  giant  dipole 
resonances.  The  continuous  curve  gives  the  “geometric  factor”,  l/To. 
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Tabu  1 

Experimental  and  theoretical  results 


Process 

Target- 

spin 

(i5o 

n 
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high 
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low 

D _ 

«flP  " ■'  * 

SCOP  (4) 

‘•‘Ta(y,  3n) 

i* 

93 

9.31  mia 
8.15  h 

7- 

0.51  ±0.09 

3.6  ±0.2 

**»Nd(y.  a) 

0* 

755 

63  s 

i* 

0.055 ±0.006 

2.20±0.06 

1100-1300, 

2.5  h 

0.19  ±0.01*) 

143 

a) 

0* 

652.9 

66  s 

i* 

i~ 

1.03  ±0.21 

5.03±0.75 

1208,  1508. 

15.49  mia 

0.85  ±0.07 ») 

1581. 1637 

1.92  ±0.15*) 

‘•*Mo(y,a) 

0* 

97J 

16.8 /<s 

i* 

i* 

0.85  ±0.24 

1.72±0.25 

140.5 

66.02  h 

‘*«Pd(y,a) 

0* 

214.5 

22s 

i* 

0.5  ±0.2 

3.4  ±0.5 

115 

850  ns 

“®Pd(y.a) 

0* 

188 

4.7  min 

i* 

0.11  ±0.02 

'3.14±0.15 

113 

390  ns 

i* 

0.41  ±0.09 

3.0  ±0.25 

87.7 

13.47  h 

i* 

3.2  ±0.7 

3.3  ±0.4 

•*Y(y.a) 

i- 

231.7 

14.2  ms 

i* 

i* 

O.0S6±O.0O8 

442J 

392.3 

300 /a 

•)  Ref.  **).  *)  Ref.  »*). 

P.E.  Haustein  et  al,  J.  Inorg.  Nucl.  Chem.  289  (1971) 
Carver  et  al.,  Nucl.  Phys.  37^,  449  (1962) 
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The  ground-state  charge  distribution  parameters  were  obtained  from  a phase-shift  analysis 
of  the  elastic  form  factor.  Analysis  of  the  2r  and  2j  form  factors  in  the  anharmonic 
vibrator  model  yields  the  reduced  transition  probabilities  and  the  2*  quadrupole  moment 
(Q:,*)  which  is  in  excellent  agreement  with  recent  Coulomb  reorientation  measurements. 

The  3~  form  (actor  is  well  described  by  the  assumption  that  this  state  is  a pure  octupole 
vibration. 
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Figure  3.  elliptic  form  factor.  The  full  curve  is  the  phase-shift  best  fit.  The  error 

bars  are  smaller  than  the  data  points. 
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Fig.  4.  The  *^‘Pd(y,  n)'°**Pd  cross  section,  obtained  using  an  analysis  bin  width  of  1.0  MeV, 
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Table  2.  Flrac  Excited  Scaea  Stacie  Quadrupola  Momenta 


Nueleua 

Q,  bama 
electron  acatterlng 

reorientation  effect 

**T1 

-.177  ♦ .008** 

-.22  i .08  ® 

-.1351  .082^* 

-.38  1 .13  ® 

”Cr 

-.082  ♦ .016* 

-.07  t .13  ^ 

«N1 

-.104  ± .018** 

0 1 .13  ® 

•*2n 

-.135  * .016** 

• 

’“Zn 

-.21  1 .03  ** 

-.28  i .03  * 

(-.27  OR  -.48)1.05** 

(-.45  ^ -.72)1. 12^ 

“*Cd 

-.29  1 .03  * 

-.32  1 .08  J 

-.14  t .03  * 

+.09  - .13 

a)  New  preliminary  values 

b)  From  Ref.  (^) 

c)  0.  Houaser,  ec_  al . , Nucl.  Phya.  A150.  417  (1970) 

d)  P.M.S.  Lesser,  ee  al. . Unlveralcy  of  Rochester 
Annual  Report,  1970  (unpublished) 

e)  N.V.  deCastro-Faria,  ec  al. , Nucl.  Phys.  A174 , 

37  (1971) 

f)  D.  Cline,  University  of  Rochester  Report  UR-NSRL-40, 
1971  (unpublished) 

g)  D.  Cline,  et_al.  , Nucl.  Phys.  A133.  445  (1969) 

h)  R.  Ucyer,  at  ai^.  , Phys.  Rev.  C2,  1469  (1970) 

1)  R.P.  Harper,  ec  al . , Nucl,  Phys.  A162.  161  ^971) 

J)  Z.  Berant,  et  al . , Phys.  Rev.  Letters^,  110  (1971) 
USCOMM-NB^OC  658  PHOTONUCLE  k)  A.M.  Klelnfeld,  et  al . , Nucl.  Phys.  A154.  499  (1970) 


REF. 


{j,  Bartsch»  K.  Huber » U.  Kneissl*  H.  Krieger 
Nucl.  Phys.  A256,  243  (1976) 


ELEM.  SYM. 


Pd 


110 


46 


METHOO 


76  Ba  1 


egf 


REACTION 

result 

EXCITATION 

ENERGY 

SOURCE 

DETECTOR 

ANGLE 

TYPE  RANGE 

TYPE  range 

G,N 

RLY 

THR-UKN 

C UKN 

SCD-D 

4PI 

ISOMER  RATIO 


Tabu  1 

Experimental  and  theoretical  results 


Process 

Target* 
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B _ 
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***Ta(y,3n) 

93 
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8.15  h 

7- 

!♦ 
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***Nd(y,n) 

0* 
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63s 

0.055±0.006 

X20±0.06 

1100-1300, 

2.5  h 

0.19  ±0.01*) 
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**Mo(y,  n) 

0* 

652.9 

66s 

i- 

1.03  ±0.21 

5.03  ±0.75 

1208, 1508, 

15.49  min 

0.85  ±0.07*) 

♦ ts 

1581, 1637 

1.92  ±0.13') 

***Mo(x,a) 

• 0* 

97.3 

16.8^ 

I* 

i* 

0.85  ±0.24 

1.72±0.25 

140J 

66.02  h 

*«*Pd(y.n) 

0* 

214.5 
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3.4  ±0.5 
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“«Pd(y,n) 

0+ 
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4.7  min 

0.11  ±0.02 

3.14±0.15 
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0.41  ±0.09 

3.0  ±0.25 

87.7 

13.47  h 

t* 

i* 

3.2  ±0.7 

3.3  ±0.4 

•*Y(y.n) 

231.7 

14.2  ms 

i* 
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442J 
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300 /a 

•)  Ref.  “).  *)  Ref.  »*). 

^^P.E.  Haustein  et  al.,  j.  inorg.  Nucl.  Chem.  33,  289  (1971) 
J.  H.  Carver  et  al.,  Nucl.  Phys.  37,  449  (1962) 


f^ORM  N3S-418 
IR  ev.  7.1  4.«4I 

uscoMM-N  as*oc 


u.s.  departmentof  commerce 

NATIONAl.  BUREAUOF  STANDARDS 


PHOTONUCLEAR  DATA  SHEET  659 


REF. 


METHOP 


J.W.  Lightbody,  Jr., 

S.  Penner,  S.P.  Fivozinsky, 

EL  EM.  SYM. 

A 

Z 

P.W.  Hallowell  and 

Hall  Crannell 

Phys.  Rev.  C14,  952 

(1976) 

Pd 

110 

46* 

REF.  NO. 


76  Li  5 


hmg 


REACTION 

result 

EXCITATION 

energy 

SOURCE 

DETECTOR 

ANGLE 

TYPE  range 

TYPE  range 

E,E/ 

FMF 

0,  1 

D 39-111 

MAG-D 

127 

(.374, .81) 

TABLc  VI.  Anharmonie  vibrator  model  parameters. 


‘“Pd 

*“Cd 

»«Sa 

c„  (fm) 

5.169  ±0.022 

5.214  ±0.021 

5.446±  0.048 

a„  (fm) 

0.529  ±0.039 

0.593  ±0.040 

0.550  ±0.047 

»» 

0.277  ±0.012 

0.218  ±0.009 

0.124±  0.004 

a 

0.2011±  0.0044 

0.1749±  0.0060 

0.14  ±0.02* 

B{ETi)  (**fm*)- 

7966±  682 

57S3±  475 

2288  ±148 

1.3 

1.5 

IZ 

H-P 

3 

3 

4 

B(E2I)  {«*fm<) 

72.9  ± 8.0 

50.2  ± 7.6 

19.81, “ 

X*(2i)/(^-F) 

3.0 

3.0 

1.0 

N~P 

5 

5 

6 

* Fit  estimated  by  eye. 


FIG.  5.  Cross  sections  for  ***Fd  in  units  of  Z*  Omoii  lor 
the  0.374  and  0.81  MeV,  2*  states.  The  solid 
curves  are  fits  based  on  the  anharmonie  vibrator  model. 


(over) 

form  N3S-418 

ev.  7.1  4.641 
USCOMM.N8S-OC 


PHOTONUCLEAR  DATA  SHEET  660 


U.S.  DEP  ARTMENT  OF  COMMERCJi 
NAT10NAU  0UREAUOF  STANDARDS 
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1 4 

9 

(«Jeg) 

«Cr 

1.43  MeV,  2^  state 

3.16  MeV,  2*  state 

39.38 

127.74 

(0.90  * 0.04)-03 

(0.55  *0.S5)-05 

49.44 

127,74 

(0.159*  0.006)-02 

(0.29  *0.07)-04 

59.84 

127.71 

(0.26  *0.02) -02 

(0.89  *0.30)-04 

75.22 

127.71 

(0.265*  0.007)-02 

(0B42*  0.012)-04 

92.73 

127.74 

(0.222*  0.00S)-02 

(0.428*  0.052)-04 

110.20 

127.69 

(0.97  *0.02)-03 

(0.222*  0.044)-04 

‘“Pd 

Et 

9 

(MeV) 

(deg) 

0.374  MeV,2t  state 

0.81MeV,2{  state 

39.38 

127.74 

(0.35  *0.03)-02 

(0.45*  0.14)-04 

49.44 

127.74 

(0.40  *0.02)-02 

(0.10*  0.01)-03 

59.84 

127,71 

(0.40  * 0.02)-02 

(0.10*  0.01)-03 

75.22 

127.71 

(0.233*  0.003)-02 

(0.86*  0.07)-04 

92.73 

127.74 

(0.40  *0.05)-03 

(0.48*  0.06)-04 

110.20 

127.69 

(0.23*  0.01)-03 

(0.17*  0.17)-0S 

‘“Cd 

Ei 

9 

(MeV) 

(deg)  0.558  MeV,2t  state 

1.208  MeV,2J  state 

39.38 

127.74 

(0.20  *0.02)-02 

(0.46*  0.07)-04 

49.44 

127.74 

(0.28  * 0.02)-02 

(0.40*  0.06)-04 

59.84 

127.71 

(0.220*  0.0 14) -02 

(0.S8*O.ll)-04 

75.22 

127.71 

(0.118*  0.005) -02 

(0.34*  0.04)-04 

92.73 

127.74 

(0.204  * 0.007) -03 

(0.11*  0.04)-04 

110.20 

127.69 

(0.155*  0.00 7) -03 

(0.61*  0.35)-05 

“•Sn 

Ei 

9 

(MeV) 

(deg) 

1.294  MeV,2t  stats  2.112  MeV,2;  state 

2.266  MeV,3'  state 

39.38 

127.74 

(0.65±  0.04)-03 

(0.68*  1.05)-OS 

(0.18*0.02)-03 

49.44 

127.74 

(0.88^  0.04)-03 

(0.26*  0.69) -05 

(0.40*  0.0  D-03 

59.84 

127.71 

(0.84*  0.03)-03 

(0.21*  0.06)-04 

(0.63*  0.02)-03 

75.22 

127.71 

(0.36*  0.02)-03 

(0.5  *7.4)-06 

(0.84  * 0.02)-03 

75.02 

127.81 

(0.34*  0.02)-03 

(0.47*  0.39) -05 

(0.82*0.01)-03 

92.73 

127.74 

(0.50*  0.09) -04 

(0*  0.19)-04 

(0.60*0.01)-03 

110.20 

127.69 

(0.85*  0.10)-04 

(0*0.8)-05 

(0.14*  0.0 1)-03 
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DEFINITIONS  OF  ABBREVIATIONS  AND  SYMBOLS 


Note:  In  this  list  definitions  are  given  for  various  photoneutron 

reactions  in  which  the  following  symbols  are  used:  N,  NL,  nN,  SN  and  XN. 

Corresponding  definitions  apply  for  reactions  invol ving  other  nuclear  particles 
where  the  symbols  N (neutron)  is  replaced  by,  e.g.  P,  D,  T,  HE,  A etc.  Where 
unknown  reactions  result  in  the  production  of  a specific  radionuclide,  the 
chemical  symbol  andmass  number  is  listed  as  the  reaction  product,  e.g.  a G,NA22 
reaction  in  59co. 


A 

alpha  particle 

response  function.  Contrast 
with  D = discrete. 

ANAL 

analysis 

CCH 

cloud  chamber 

ABI 

absolute  integrated  cross-section 
data 

CF 

compared  with 

ABX 

absolute  cross-section  data 

CHRGD 

charged 

ABY 

absolute  yield  data.  Often  means 
cross-section  per  equivalent 

CMPT 

Compton 

quantum  is  listed. 

COIN 

coincidence,  coincide 

COINC 

ACT 

measurement  of  induced  radio- 
activity of  the  target 

COH 

coherent 

ASM 

asymmetric,  asymmetry 

CK 

Cerenkov 

AVG 

average 

D 

deuteron  or  discrete.  When 
discrete,  it  is  used  to 

BBL 

bubble  chamber 

describe  a photon  source  or 
a detector  response  function. 

BEL 

reduced  electric  radiative 

Contrast  with  C = continuous. 

B(EL) 

transition  probability 

DLTE 

energy  loss 

BF3 

BF3  neutron  counter  with  moder- 
ator e.g.,  Halpern  detector, 
long  counter 

DLTQ 

momentum  transfer 

DST 

distribution 

BML 

reduced  magnetic  radiative 
transition  probability,  B(ML) 

DT  BAL 

detailed  balance 

BREAKS 

levels  located  by  "breaks"  in  the 

E 

electron 

yield  curve 

E/ 

inelastically  scattered 

BRKUP 

breakup 

electron 

BRMS 

bremsstrahlung 

E+ 

positron 

, BTW 

1 

between 

EDST 

energy  distribution  or 
spectrum 

C 

continuous.  Used  to  describe  a 
photon  source  or  a detector 

E/N 

used  only  to  indicate  a coinci 
dence  experiment  as  in  (E,E/N) 

I 
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EMU 

EXCIT 

F 

FMF 

FM-1 

FRAG 

G 

G/ 

G-WIDTH 

HAD 

HE 

He3 

I NT 

INC 

ION 

ISOB 

ISM 

J 

JPI 

J-PI 

K 


N stands  for  any  outgoing 
particle  measured  in  coinci- 
dence with  an  inelastically 
scattered  electron.  Distin- 
guish from  eg.,  (E,N)  which  is 
used  to  represent  an  electron 
induced  reaction  when  only  the 
outgoing  particle  N is  detected. 

emulsions  (photographic  plates) 

excited 


kinetic  energy 

may  be  an  integer  or  zero 
that  always  follows  a reaction 
product  symbol.  This  is  used 
to  indicate  transitions  to 
specific  states  in  the  residual 
nuclide.  When  the  letter  is 
used  as  in  (G,NL)  the  cross 
section  given  is  that  for  the 
sum  of  transitions  to  two  or 
more  specific  final  states. 


fi ssion 


LFT  excited  state  lifetime 


form  factor 


LIM  limit 


inverse  femtometers 


LY,LVS  level,  levels 


fragment 

photon 

inelastically  scattered  photon 


LQD  liquid 

MAG  magnetic  spectrometer 

MEAS  measurement! s) 


gamma-ray  transition  width 


MGC  magnetic  Compton  spectrometer 


hadrons,  hadron  production 


MGP  magnetic  pair  spectrometer 


^He  particle 


interaction,  integral, 
intensi ty 

includes 

ionization  chamber 
isobaric 
i somer 

multiplicity  of  particle 
defined  by  following  symbol 
e.g.  (G,PJN)  with  remark 
J = 2, 3, 5, 7 

spin  and  parity  of  a nuclear 
state 

second  multiplicity  index,  e.g. 
(G,JPKN)  with  both  J & K posi- 
tive integers  greater  than  1 


MOD  moderated  neutron  detector  not 

employing  a BF3  counter,  e.g. 
rhodium  foil,  Szilard-Chalmers 
reaction,  ^He,  ^Li  reactions, 

GD  loaded  liquid  scintillator, 
etc. 

MSP  mass  spectrometer 

MULT  multiple,  multi  pole,  multiplicity 

MU-T  used  only  in  combination  with  G 

to  indicate  a total  photon 
absorption  cross  section  measure- 
ment, i.e.  (G,MU-T) 

N neutron  (see  also  XN  and  SN). 

The  notation  (G,N)  is  used  to 
indicate  a reaction  in  which  only 
a single  neutron  is  emitted,  i.e. 
the  reaction  that  can,  in  many 
cases,  be  measured  by  observing 
the  radioactive  decay  of  the 
residual  nuclide. 
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nN 

where  n is  any  integer.  (G,nN) 

SN 

sum  of  neutron  producing 

indicates  the  sum  over  all 

reactions,  cj(  Y,SN)=a{y,N) 

reaction  cross  sections  in  which 

+ a(y,NP)  + a(y,2N)  + a(y,3N) 

n neutrons  are  emitted. 

+ etc. 

NAI 

Nal(Tl)  spectrometer 

SPC 

photon  or  particle  energy 
spectrum 

NEUT 

neutron! s) 

SPK 

spark  chamber 

NOX 

no  cross-section  data 

SPL 

spallation 

P 

proton  (see  also  XP) 

STAT 

statistical 

PART 

parti  cl e(s) 

SYM 

symetric,  symmetry 

PHOT 

photon(s) 

T 

tri ton 

PI 

pion,  usually  written  as  PI+, 
PI-,  PIO  to  indicate  charge 

TEL 

counter  telescope 

POL 

polarized  or  polarization 

THR 

threshold  for  reaction  or 
threshold  detector,  e.g.. 

Q-SQUAR 

momentum  transfer  squared  (q2) 

29si(n,p)29Al. 

RCL 

recoi 1 

TOF 

time-of-flight  detector 

REL 

relative 

TRK 

tracks  of  particles  or  frag- 

ments observed  in  solid 

RLI 

relative  integrated  cross- 

materials  (glass,  mylar,  etc.) 

section  data 

TRNS 

transi  tion 

RLX 

relative  cross-section  data 

UKN 

unknown 

RSP 

reaction  spectrometer 

UNK 

RLY 

relative  yield  data 

YIB 

vibrational 

SCTD 

scattered 

YIR  PHOT 

virtual  photon! s) 

SCO 

semiconductor  (solid  state) 

XN 

all  neutrons,  total  neutron 

detector 

yield,  a(y,XN)  = a(y,N)  + 2a 
(Y,2N)  + 3a(y,3N)  +a(y,NP)  + etc. 

SCI 

scintillator  detector  other  than 
Nal,  e.g.,  Csl,  KI,  organic 
(liquid  or  solid),  stilbene,  He 

XP 

all  protons,  total  proton  yield 
cf(Y,XP)  = a(y,p)  + a(y,NP)  + 
2a(Y,2P)  + etc. 

SEP 

separation 

XX 

reaction  products  defined  in 

SEP  ISOTP 

separated  isotope  used 

XXX 

REMARKS 

SIG 

SIGMA  (cross  section) 

YLD 

yield 
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4PI  a 4ir  geometry  was  used  or  a 

method  like  radioactivity  or  a 
total  absorption  measurement 

999  energy  defined  in  REMARKS  * or  @ 

$ indicates  the  measurement 

involved  beams  or  targets 
that  were  either  polarized 
or  aligned,  or  that  the  polar- 
ization of  the  reaction 


products  was  determined. 

The  polarized  particle  is 
indicated  in  REMARKS. 

symbols  used  to  indicate  that 
the  units  associated  with  the 
numerals  on  one  or  both  sides 
of  the  symbol  in  a specific 
column  are  not  MeV.  The  units 
are  defined  in  REMARKS. 
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